DOCDiENT BESUHE 

SE 015 975 

Articulated Multimedia Physics, Lesson 12, Work, 
Energy, and Power. 

New York Inst, of Tech., Old Westbury. 
[65] 5 
190p. i 

IlF-$0.65 HC-$6.58 

^College Science; Computer Assisted Instruction; 
♦Instructional Materials; ^Mechanics (Physics) ; 
♦Multimedia Instruction; t^hysics; Science Education; 
♦study Guides; Supplementary Textbooks 



As the twelfth lesson of the Articulated Multimedia 
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guide with relation to work, energy, and power. The topics are 
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falling bodies, and conservation laws. The content is arranged in 
scrambled form, and the use of matrix transparencies is required for 
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IMPORTANT: Your attention is again called to the fact that 
this is not an ordinary book* " It's pages are scrambled in 
such a way that it cannot be read or studied by turning the 
pages in the ordinary sequence • To serve properly as the 
gulaing element in the Articulated Multimedia Physics Course, 
this Study Guide must be used in conjunction with a Program 
Control equipped with the appropriate matrix transparency 
for this Lesson* In addition, every Lesson requires the a- 
vailability of a magnetic tape playback and the appropriate 
cartridge of instructional tape to be used, as signaled by 
the Study Guide, in conjunction with the Worksheets that ap- 
pear in the blue appendix section c*t the end of the book. 
Many" of -the lesson Study Guides also call for viewing a single 
concept film at an indicated place in the work. These films 
are individually viewed by the student using a special pro- 
jector and screen; arrangements are made and. instructions 
are given for synchronizing the tape playback and the film 
m each case* 
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Energy is a tamliiar woxd» You say ic or think about it of ten in your 
everyday life^ Atter a tingling shower m the morning, you may feel fit 
and full of energy, ready for the tasks of the d&yo As the hours pass and 
you perform the jobs you must do to further your education or help you make 
a living, you gradually become tired. By the time dinner is through, you 
may say r,hat you have little energy lefto A good night's sleep, a nourishing 
breakfast, and you're prepared to repeat the performance of the previous 
day, yotir energy having been restoredo In many ways, this common use of 
the energy idea is closely related to the scientist's definition of it, but 
it is a little too loose for the physicist's needs 

Speaking of everyday things that tie in with the concept of energy, we 
might mention fuels as having a strong connt^.ction x^?ith energy. The food 
you eat is the fuel that supplies your muscular energy; the gasoline in your 
automobile provides the energy it needs to climb a hill or to keep moving 
against the interminable retardation of friction and air resistance; the coal, 
oil, or wood in the engine supplies the energy needed co run a train, plow 
a field J or lift ihe girders u&ed in building a skyscraper « The energy of 
the sun, stored in growing things and waterfalls, is the result of the 
consumption of atomic "fuelo'' 



Please go on i:o page 2o 
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Energy, regardless cf its source or kind, is almost always involved 
in doing a lobe Lifting s hammer, speeding mp. a train, running a lawn- 
mower, and just walking about are ^obs that use fuelo Such fuel-using jobs 
can be done because of energy Lhat is converted from one form to another ^ 
We start: with an energy-source and then, by ctansfexring this energy from 
one iorm to another, we make it suitable tor the task at hando We knov^ of 
no method or technique whereby energy can be created out of nothing; we 
can change it, move it about from cne place to another, and design new 
and better devices to use it, but we cannot make ito 

Rather than try to define energy prematurely , let us s'tate- in detail 
why v7e believe that energy is involved in the fuel-using jobs described 
above. We knew, first of ail, that an unbalanced force must be acting when 
we lif'c a hammer , 'mew a lawn, or climb a ttee; then, as a result of the 
unbalanced force, something moves a So we can start by saying chat energy 
is involved if an unbalanced force causes motion, or picoduces certain types 
of changes in motiono This will have to do for the moment; but be assured 
that we shall not stop with this haay description cf energy o 



Please go on tr page 3^ 



When forces are exerted and things move, energy is converted from 
one for»Ti to another or transferred from one object to another* When such 
conversions or transfers occur, we say that work has been done^ So you 
see, the concept of work is inextricably interwoven with the concept of 
energy; you can hardly speak of one of them without bringing the other into 
the discussion 0 In a sense , work i£ the measure of the job doneo For 
instance, if a derrick lifts one car it has done a certain amount of work; 
if it then lifts a second, identical car to the same height as the first, the 
total job (or work done) is twice that involved in lifting the first car 
alone 0 In another sense, work is the measure of the fuel used to do a job» 
Clearly, the fuel needed to lift two cars to a given height is twice that 
required to lift one of them if both cars are identical., The two ideas are 
quite the same, both of them implying that work is a measure of the energy 
converted or transf erred o 

Many of oiir questions could be answered if we could find a combination 
of force and motion that would serve as a measure of energy transfers Our 
objective, then, is to find some such combination which is proportional to 
the fuel uaed and to the total size of the job doneo This combination of 
force and r«»,3tion could then represent work; so, for our present purposes, 
any quantity we call ''work'' must be proportional to the magnitude of the 
task accomplished, or to the fuel used to accomplish ito 



Please go on to page 4« 



To help us arrive at a definition of work which meets the requirements 
outlined in the introduction to this lessen, we shall analyze! the factors 




Figure 1 ' , . 

' A number of crates, each having exactly the erne ^^alght, are to be 
hoisted to the deck of a freighter st binding in a harbc- o The job is to be 
done by a gasoline-drive crane on the docko What: we want to know is this: 
What governs the amount of fuel (gasoline) used in accomplishing this job? 

Well, consider the weight of the crates first o To lift a single 
crate, the crane must exert enough force on it tr- overcome the pull of gravity 
and start the crate moving away from the grounds Suppose that a single 
crate is. so heavy that the crane can lift only one at a timaa If the foreman 
on^the job wanted to speed up the work and load tv;^o at a time, he might bring 
a second crane to the dock so that both cculd work siraultanecusiy o Then, in 
this case as the crates went up, the: total force would be twice that exerted 
by 'a single crane but the fuel used would also be twice than of a single crane* 
Evidently; the fuel consumption is proportional to the force applied by the 
machine. But, as you read in the intiroduction, work Is to be measured in 
terms of the fuel used to accomplish a job. So, tentatively at least, what 
might we conclude? 

(1) 

A The work done is inversely proportional to the force* 
B The work done is directly propor^^ional co the force* 
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YOUR ANSWER B 



Just how did you reach this conclusion? Since 288 is just 2/3 of 432, 

it may be that you thought of t 3o00 sec as representing the beginning of 

the third second « Thus, you may have thought that the KoEo remaining in the 
ball is 2/3 of the original before free-fall begauo This is incorrect. 

Properly, t = 0 marks the instant you start youj stop-watch, c 1 is 
one second later, t = 2 is after a lapse of two secor.ds, and t =» 3 marks 
the passing of three seconds.^ 

■ ; 

Do you remember the total time for the fall? 

Where will the ball be after it has been falling for three seconds? 
When the ball reaches the ground, all of the original PoEo becomes K.E, 



Please return to page 76, Pick a better answer this time* 
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YOUR ANSWER E 



Very good* If cur definition of work as a measure of energy transfer 
is to be of any value* then we mus t agree that force F-j. does no work at all. 
No fuel is used to produce Fr^., no energy is consumed , hence no work is done. 



We can improve our description of the meaning of 'Vork'' nowo Work 
is the product of an unbalanced for-ce and the distance moved in the direction 
of the forest ' This "cculd suffice as a definition of work for most situations ; 
bur, for universal application it still needs some improvements Look at 
the force in Figure 4o 




Figure A 

This force ^F) acxs at an angle 9 to the horizontal, but the block 
moves horizontall y along^the table p According to the above definition, the 
block does not move in the direction of the foreea If you adhere strictly 
to the definition > you must conclude that force F does no work at alio But 
you KNOW that energy must be expended in moving the block horizontally 
ag=iinst friction; hence work has to be a ccomplished o How do we resolve this 
dilemma? 

Think back to resolution of vectors c Force F may be considered to 

be made up of two parts: a horiacntal component and a components 

What's the missing wotdt Turn to page 75 to checko 
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YOUR ANSWER A 



The mathematical statement of the Second Law does NOT state that 
^ = a/m. Perhaps you need to review your notes, although you should remember 
that acceleration is directly proportional to unbalanced force and inversely 
proportional to the mass of the body being accelerated » 



Please return to page 91 and make a better selection, 
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YOUR ANSWER a 



This Is inecrrecto 



One of the anst^ers definitely does express the meaning of M 
properly = ^ at 



Please return to page 88 and see if you can decide which of the e'iven 
answers aoes this,, B-vea 



YOUR ANSWER B • . 

Not quite. 

The substitution yields this first result: 

v2 

W =» m X — X d 
2d 

I 

a 

But when this is simplified, you don't get the answer you chose. 
So, return to page 82, please and select a better answer. 



YOUR ANSWER C 



This is incorrect on two counts I 



First, if the watt is a unit of power, the watt-second cannot possibly 
measure power, whxcb is the rate of doing workc 

Second, if the watt--second were truly a unit of power, it could not 
be the same as ajouie, since the latter is a unit of work or energyJ 

Come nowo If you will bear in mind that a watt and a joule per 
second are identical units, you should have r-o difficulty in choosing the 
right answer o 



Please return to page 140 and try once more« 
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YOUR ANSWER A 



This doesn't follow from our reasoning » 



Every drop of gasoline used by the crane engine can rotate the cable 
drum just so much. To lift a crate twice the distance, the drum would have 
to complete twice as many revolutions* If each drop of gasoline can account 
for just so many turns, you can't expect the drum to turn twice as many times 
without using more gasoline^ 



Please return to page 40 o Choose a better answer., 



YOUR MSWER B 



A kiloi^att uses the same prefix as a kilom eter <> This prefix • 
always means "1,000 times"; hencej a kilowatt is i,000 watts. 

The watt is a unit of power; so is the kilowatt o If we multiply a 
power unit such as the kilowatt by a time unit such as the hour, we cannot 
obtain a power unit from the product o 

Thus, a kilcwatt-hour is not a unit of power. To find out what it 
really measures, do this: 



kw-hr » power x time 



power 



work 
time 



kw-hr 



work 
time 



X time 



So what is the kilowatt-hour? 



Please return to page 



1A5 and choose the right answer nowo 
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YOUR ANSWER A 



There are several things wrong with the answer you chose. 



You cannot equate two different kinds of quantities o Distance inoved 
is a single, fundamental measure of displacement while work is a combination 
of force and motion and cannot possibly be equal to distance 

As an example which shows the fallacy of this kind of statement, 
consider a box containing marbles o It is safe to say that the weight of the 
box depends upon the number of marbles in the box, but you could never say 
that the weight is equal to the number of marbles <> Suppose the box contains 
173 marbles and weighs 2o9 Ihc It wouldn't be correct to write 2^9 lb « 
173 marbles. 

From the point of view of units alone, you can't have an equation 
with units of different meaning on either side of the equal signc 



Please return to page 56 and choose an alternative answer o 



"iOVR iiNSWER B 



Ycu'x:e confusing energy and momentunio Find the total momentum of the 
system, not the total kinetic energyc 



Return to the original question on page 12? and read the explanatory 
material once more— -carefully » Then choose a better answer o 



15 



This page has been inserted to maintain continuity of text- Ir i= 
not intended to convey lesson information. 
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YOUR ANSWER B 



You chose the wrong components We're quite sure you realized that 
the work done here must be the product of the horizontal component of F 
and the displacement do But Fy is the symbol for the vertical component; 
this component does no work, of course, because there is no vertical motion 
in the system« 



Please return to page 75 and choose the right answer o 
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YOUR ANSWER B 



We are aware of the thinking that led you to choose this answer c You 
figured that, if 147 joules of work were expended in getting the block to the 
top of the shelf, then 147 joules of kinetic energy must have been transferred 
to it, since no energy is being lost to frictioUo Up to a point this is good 
thinking, but it falls short of the truth because the motionless block has 
no velocity on the shelf; hence, it cannot have kinetic energy o That is, 
since 

K.Ec 

and V =« 0, then K^Eo must be zero. 

This may make you wonder what happened to the work that went into 
raising the block to the shelf o And well it shouldl 

We'll help you out of this dilemma shortly o 



In the meantime, you will have to return to page 150 and then select 
the only possible answer o 



18 



YOUR ANSWER B 



We are almost certain that you arrived at this answer as a result of 
two separate but common errors o 



The determination or the KoEo of the bullet as it leaves the muzzle 
of the rifle calls for the solution of: 

KoE. = 

In substituting, you must be sure that the mass is given in kilogram s 
and the velocity in meters per second c We think you used the wrong unit 
for one of these o 

Next, you muse remember to square the velocity, and also that the 
product mv^ is to be divided by 2c 



Please return to page il4. Make another choice after finding the 
correct answet o 
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YOUR ANSWER A 



Two quantities are inversely proportional when one decreases as the 
other increases c We are trying to establish a definition of work in a 
physical sense c We have said that we would measure work in terms of the 
size of the job performed or the amount of fuel used to complete it* 



It seems logical to connect the factors we have just considered in 
this manner: 

io To lift a single crate, a certain amount of fuel is needed « 
2o To lift two crates, two cranes are required, thus calling for 

twice the applied force o 
3o Two cranes, however, require twice the fuel of oneo 
4o So to get twice the force, we need twice the amount of fuel* 
5« Since work is measured by the amount of fuel used, we would then 

expect two cranes to do twice the work of one crane by exerting 

twice the force at a given time^ 

Thus, the two quantities we are relating are work and force , and we . 
see that as the force increases, the work increases « Is this an inverse 
relationship''^ 



Please return to page 4 and select the alternative answer o 
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YOUR ANSWER ^— D 

That is not righto One of the answers is correct. 

Go over your worko Remember, in solving KoEo « , you must square 
the speed, multiply by the mass, and then divide by 2<, 



Please return to page 72 o Choose the correct answer o 
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YOUR ANSWER ™ C 



This is not correct c You may determine the correct MKS energy unit 
in one of two waySe 

(1) You may analyze the derivation closely and notice 
that since work is meiasure of energy , the energy 
equation having been obtained directly from the 
definition of work, energy units must be exactly the 
same as work units o 

2 

(2) .You may substitute units in K.E. === %mv and thus 

determine the unit you derive for the entire quantity o 

We are quite' sure you did not follow either of these procedures o If 
you had, your result would not have had the newton as an answer « 



Plaase return to page 132 „ Select a better answer » 
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YOUR ANSWER B 

• The example appears in item 1(d), not 1(c). 
Please keep your notebook up-to-date and in usable shape. 

Please return to page 138 and select another answer. 
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YOUR ANSWER A 



This answer is incorrect o 



You obtained this answer by multiplying the weight of the safe in 
pounds by the distance moved o This is a double error « 

If you use the weight of the safe in thiis problem — and it should not 
be so used — it should be expressed in newtons rather than pounds* 

However, in determining the work, the force that appears in W = Fd 
must be the one that is in the direction of the motionc The safe is moved 
horizontally but weight acts vertic.allyo 



Please return to page 142 and work the problem again* 
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CORRECT MSWER: The dealer answered ^ ''The brovm stallion can pull the hay- 
wagon ep the hill much faste r than the black mare/' 



Here is a new thought' Suppose you had a load of books that were to 
be placed on a high stozage shelf that could be reached only by climbing a 
ladder o For the sake of simplicity^ we'll imagine each of the books to 
weigh exactly 5aO nt, and that there are 20 of them altogether o Suppose 
further that they aie tc be lifted a distance of 4o0 meterso Since 5oO nt 
represents a little more than one pound of weight, you might carry 10 
books up in a single trip, completing the job in two trips = The work 
done wcj.id then be: 

W * ?d « number of trips x weight x height 
« 2{50 nt X 4oO ra) = 2{200 j) « 400 

NoWs let's Sdty that your little brother wants to do exactly the same 
job but chat he can carry only i book at a time as he mounts the ladder. 
This means that he will have to make 20 crips up the ladder o The work he 
would do would be: 

W » 20(5«0 nt X 4.0 m) = 400 j 

Clearly, your little brother does exactly the same amount of work 
that you do In completing this job, but if an employer were looking for help 
in the fonn of a book-stacker, he would hire you rather than your- brother. 
What physical quantity, not present heretofore in the concept of work and 
energy, has now appeared? 

(33^ 

A A ladder. 

B Time. 

C Vertical distance- 
D None of these o 
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YOm ANSWER B 



You are coriect. P « — - 500 at x. 6.0 m ^ ^qq j/sec 

^ 15 Gee ^ 

To help you undej: stated ^the relative magnitude or a joule per second, 
we'll discuss power, .m English units briefly, but will not work any problems 
involving them. 

In the English system, force is measured in pounds (lb), distance in 
feet i. ft),, and time in seconds: Hence, the unit of work is the ft-lbj and the 
unit of power is the tt-ib/secc Early in the development of the concepts 
invoiviixg powei , horses were used to do the work of pumping wat:eT , grinding 
gram, hoisting stones, and so on, so that it was natural to choose a pswer 
unit ini^^olving these animals « At first, one horsepower was described as 
the rate at which a particular kind or animal, an English dray horse, could 
do the worko Obviously, such a definiticn xs inadequate for anything but 
the roughest kind of calculations o Later, the definition of the horsepower 
was piniied down as: 

i horsepower =^ I HP - 550 ft-lb/sec 

T'nus, the average horse might be expected co be able to do 550 ft-lb 
ot work in .1 second « 

To help you iix the relative size of the j/sec in your mind, we shall 
find the number ot 3 /sec in i horsepower <. The process of determination is 
given on the next page.. It is not necessary for you to memotlze this, but 
it is important tor improvin,q yotfi iaciiicy with unit conversion, and for a 
valuable review. Therefore, follow each of the steps carefully to the con- 
clusion. 



Please go on to page 26, 
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We -want to (leteimine the number oi joules per second in i horsepower, 
carrying the work r.o three sign:.! leant figures c 

. , , , . , , . , . , . , loOO nt X 1.00 m 
il.i . Wri'ce che derinicicn or j. j/sec: 1 j/sec - j 00 sec 

(2) There are 3.28 rt/m and ^,45 nt/lb, or l/4o45 lb/nt« 

(3) Multiplying il) by fcha conversions in (2): 

i -*/sec - IcOO nr x ^ 7 43 £ F y ^^QQ ^ 3^28 ft/m 

ioOO sec ■ 

(4) Simplirying: 

1 j/sec - 

1 j'/&ec Go '38 tt-lb/sec 

(5) From (4) we see at once that 1 3 = 0.738 ft-lb. This in itself is 
a valuable resulto ic shows that a joule is less than i ft-lbo So, there 
muse be more joules than ft-lbs in a HP, that is, 

(6) We know vhat , by definition, 1 HP ^ 550 ft-lb/seCc 

(7) Hence, 

I HP =^ 550 £t-ib/S8C X ^ j/rt-lb 

or 1 HP = TT^-r: j/sec 
Ov/io sec 

Thus, 1 j/sec = — - — HP 
746 



Please go on to page 27. 
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Here are the last two answers again: 

i HP = 746 j/see 

1 j/sec = -i- HP 
746 

This is the result we are seeking o You will find in your reading 
that another name for a joule per second is a watt e Hence, a watt is a 
unit of , 

(35) 

A Worko 

B Energy e 

C Power. 

D None of these o 
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YOUR ANSWER A 



You obtained this answer by summing up the two individual momenta 
without regard for algebraic sign. Momentum is a vector quantity and signs 
must be taken into account in ail arithmetic or algebraic manipulations « 



Please return to page 127 and select a better answer. 
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This page has been inserted to maintain conti-nuity of text. It if 
not intended to convey lesson information. 
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YOUR ANSWER ~- B 



If you vrite Newton's Second Law in any form, you cannot obtain an 
equality between F and m/al 

Refer to your notes if necessary for a review of the Tnatheniaticai 
statement of the Second Law= You should remember, however , that acceleration 
is directly proportional to the unbalanced force, and inversely proportional 
to the mass of the body being accelerated* 



Please return to page 91 and make a better selection. 



YOUR ANSWER A 



You are corxecc. This follows rrom the coaservation principle, At 

Che scare ot the swing, all che energy is P-.E. Ac the end of the swing, it 

is again all p.. E> Hence, if che energy of the system is to remain constanc, 
mgh' muse be equal to, mgh^ 

Thus, an ideal pendulum would be a petfecc energy converter. Each 
swing would see che bob rise to exactly the same height as before and, 
therefore, the pendulum would swing forever once started* 

How to extract this energy to do useful work while keeping the 
pendulum going is a problem in perpetual motion. A pendulum clock has 
been devised, however, which uses very little external energy-. 



Please go on to page 32. 
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Before going on to the A_£ai^ world of physics where ideal conditions 
may be approached but ner^ex quite. Z6ali2ed5 here is one more application 
of the Principle of Conservation of Enexgy in connection with failing bodies c 
For simplicity, we shall use a numerical examplec 

A jet plane at an altitude of 9o00 x 10^^ m Is carrying a 1,020 kg bomb« 
We want to find the kinetic energy of the bomb after it has been dropped and 
has fallen a distance of 60OO >; iO- m. (COPY THIS PROBLEM) „ Yc^^ will note 
that x:he bomb has fallen 2/3 of the disi!:ance to the ground rxom its original 
altituda ,■ 

Now there is a difficult way to solve this problem,, but there is also 
an easy one. Unfortunately, the difficult way is the obvious oneo We'll 
go over this first., The problem suggssis that we find KJir Winch equation 
will we apply!!: 

(32) 

A KvE„ mv^ 

B KoEo - %iriv 



C Neither of these equations 0 
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YOUR ANSWER A 



This answer is incorrect c 



Work the problem out again and determine the correct answer for 
yourself c Be sure- your manipulations with exponents are corrects 



Please return to page 137, then choose another answer that matches 
your revised one. 



34 



.^OUR ANSWER A 



How far does Frp in Figure 3 on page 99 cause the block to movG^ 
Remember that Frp is a reaction to W and that the block will not move ver- 
tically at ail as long as the table is there o 

All right c Frj. causes no motion of the block; this fact is established. 

Work is calculated from the expression W - Fdp Now, if Fip does not 
cause any vertical motion, there is no d over which it acts; hence tor Fnj-^ 
the distance d is zerOo 

Under these conditions, would you still say that Fr^ does the same 
aracunt of work as F? 



Please return to page 99c Choose a better answer o 
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YOUR ANSWER B 



You are correcto The proportionality between work and distance is 
almost self-evident in the relationship of the numbers chosen for the previous 
discussion o 



Thus, we can write the proportionality this way: 

W = k'd where W » work, d = distance, and k' « a 
proportionality constant o 

Weil, let's review a bito We have found so far that work is propor- 
tional to force (W = kF) , and that work is also proportional to distance 
moved (W » k'd)o Both of these, are direct proportions o 

In the next step we want to combine the two proportions o This is 
done by putting t:aem together like this: 

W » k*'Fd where k" is some combination of the two 

proportionality constants that appear in the separate statements above «, 

Here we can give the constant k'^ a value of one (unity) by choosing 
our units correctlyc If F is measured in newtons, and d is measured in 
meters, and if we assign a value of unity (without units) to k", then what 
unit will we use for work ? 

(4) 

A The newton-meter o 

B The newton per meter o 



C I don't recall how to do thiso 
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YOUR ANSWER A 



This is not correct* 



A watt is the same as a joule per second « But if a joule is a univ: ci 
work, then a joule per second is a unit which measures the time rate cf 
doing work, not work itself. 



Please return to page 27 and select another answer c 
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YOUR ANSWER A 



2 

You are correcto To apply the relation: K^Ec = %mv we need to 
know the mass of the body and its final velocity as it reaches the ground c 



All righto The mass is known: 5^00 kg o We know the distance that 
the block vill fall: 3<,00 mo We know the gravitational acceleration: 9c8 
m/sec o What equation do you have that will enable you to find the final 
velocity of a body falling from rest, if the mass of the body, its accel- 
eration, and the distance through which it falls are all known? 

Write this equation, please o Don't go any further until it is 
written and you are certain thac it is righto 



Now turn to page 139 o 
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YOUR ANSWER C 



Itiis is not a good answer. Although the acceleration of a freely 
falling body can be given as 980 cm/sec^, this value is in CGS units. 

This isn't what we want, is it? 

Please remember the system we are working in. 

Please return to page 128 and select the acceleration ot tiee-fall 
in this system c 

.r 
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YOUR ANSWER C 

Apparently you think that the total energy has been split down the 
middle, since half of 432 is 216 o This is not soo 

At t = 3c 00 sec, the ball has reached the ground so that, with respect 
to ground as a reference zero level, the height of the ball is now zero* 

At zero height, how much potential energy does the ball have? 
Check your thinking* Return to page 76 and select a better answer o 
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YOUR ANSWER — - B 



You are correct o If three cranes were used, the force applied 
simultaneously to the crates would be three times that of a single crane, 
the fuel consumption would be three times as great, and the work done, 
therefore, would be tripled « 

So, if work is directly proportional to the applied force, we might 
write: W = kF where W = work, F = unbalanced force, and k = the conventional, 
constant of proportionality « 

Now, what else determines how much work is doae by the crane? 
Suppose the vertical distance from the dock to the ship's deck is 20 feet. 
If we measured the fuel consumed by the gasoline engine in lifting the ctate 
a distance of 10 feet and found that it required 0.01 gallon of j^asolme to 
do it, .and then repeated the fuel consumption measure for a distance of 
20 feet straight up, what do you think we would find? 

(2) 

A To lift a crate 20 ft would require no more gasoline than to lift ic 

10 fto 

B To lift a crate 20 ft would lequire 0o02 gal of gasolinec 



C I don't understand c 



YOUR ANSWER D 



You are corrects The basic equation relating distance and time is: 
d =» hgt^ for a body that start s to f all from rest« When this is solved for 
you obtain the expression t /2d/go 



All right, let's find the time required for the ball to fall to eartho 



Now that we have the time needed for the ball to fall through 44.1 
meters, we can proceed to part (b) of the problemo 




2 X 44ol m 
9o80 m/sec^ 



/9oOO sec^ = 3oOO 



sec 



At t =* 0 sec, the ball has not yet started to fallo In short, its 

energy is entirely energy • Write the missing word and then please 

turn to page 76. 
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YOUR ANSWER — A 



A ladder isn't a physical quantity or number o 



We may not have worked any problems involving ladders betote, but 
ve certainly have dealt with bodies that have been lifted above the gtoundc 
The ladder is merely another means of lifting; it introduces no new ideas. 



Please return to page 24 and choose a better answex 
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YOUR ANSWER A 



This is not true, 



When a 120-lb boy climbs a vertical ladder, his muscles must exert 
a minimum of 120 lb of force in order to overcome his weight* If this muscu- 
lar force, which is directed upward, causes him to move upward, then cer- 
tainly work has been done because a force has caused motion t 

Re-examine the problem afuer returning to page 87. Think care- 
fully to choose the right answer. 
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YOUR ANSWER C 



With reference to the zero level, what is the height of the ball as it 
passes through position (1) of Figure 9 on page 60? It is zero, isn't it? 
But if h « 0, then the potential energy, which is 

PcEc « mgh 

must also be zero. 

If this is the case, how can the total energy of the bob ccmptise only 



Please return to page 62 and choose a better answer ^ 
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YOUR ANSWER — ^- C 



This answer is not righto 



You obtained it by multiplying the weight of the safe in newtons by 
the distance moved horizontally. 

Remember that the force used in a work calculation must be acting in 
the direction of the motion* Weight acts vertically but this safe movsd 
horizontally; hence you cannot use the weight of the safe as the force in 
W = Fd. 



Please return to page 142 and select the right answer* 
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YOUR ANSWER B 

Correct, Going back to our. equations of uniformly accelerated mo- 
tion, you should remember this one: 

V « at or, for this case, v « gt 

Hence, what is the speed of the ball at the end of 1.00 sec of free 
fall? Write the answer; then turn to page 72. 
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YOUR ANSWER — C 



2 forgot to do something necessary for the solution of K.E. = 

-Smv . What did you neglect to do? 



Correct your work, return to page 72, and then choose the correct 

answer . 



ERIC 
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YOUR ANSWER C 



Lee's run through some of our preliminary points c 



We ate trying to develop a relationship between work and some combma- 
rxcn cf foice and motion. In cur introduction we used the word wor k, -as a 
measure of energy transfer, and said that it was evident that work could be 
measured by the amount of fuel used in doing a particular jobr 

Now our objective is to find ou^ just what factojis ot tctce and motion 
go-vieiru the amount of work done or luel used.. We have already decided that 
wciTk is proportional to force, but that there is something else thac controls, 
the amount of work done besides force c 

When work is done, force produces motion. In our example of the crane 
hoisting crates, we are applying common sense to the question: '^How much 
more fuel is used in lifting a given crate 20 ft compared to the amount 
used to lift the same crate 10 ft?" If we can determine this, we may then 
be able to show how work done is governed by the motion that occurs while 
the work is being accomplished « 



Please return to page 40o Try another answer c 
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CORRECT ANSWER: Since the mass of the stone is 20 kg,. then from 



we find the weight to be: 
So we have: 



w =* mg 



w = 20 kg X 9o8 m/sec-^ = 196 nt, 



h = 



1,440 j 



196 nt 
h =» 7o3 meters 

Thus, when a 20-kg stone is dropped from a- height of 7o3 meters, it 
acquires 1,440 joules of K.Eo when it reaches the ground, 

Wheu an object is at rest at some height above grouid level, what- 
ever energy it possesses is potential in nature; it has no kinetic energy 
because it is not moving <> We know, too, that if the object is allowed to 
fall to ground level its energy upon impact with the ground will be all 
kinetico Its potential energy will now be zero, since all the initial PcEc 
has been converted to KoE^ 



Please go on to page 50c 
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Here is another question: Given a specific PoE<. for a body raised 
to a height, can we calculate how much of this P,Eo has been changed to 
KoE^ at any instant — part of the way down — in its fall? 

COPY THE FOLLOWING PROBLEM (It will be more convenient to work this 
one out to three significant figureso): A 1«00 kg ball is dropped under 
ideal conditions from a height of 44^1 meters c 

fa) Determine the time required for it to reach the ground c 
(b) Calculate its PcE» and KoEc for 

(1) t 0 sec 

(2) • t = UOO sec ■ 

(3) t « 3.00 sec 



Now turn to page 51= 
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This problem is noc quite as formidable as it first appears. From 
your copy of the problem, list the Icnown quantities: 

m « 1*00 kg 
d or h = 44 0 i m 

g = 9c80 m/sec 

Part (a) of the problem calls for the determination of the time required 
for the ball to reach the ground o This is a straightforward question in uni- 
formly accelerated motion as applied to bodies in free fall. 



Choose the equation from those listed below which will pertkiit you to 
find the time of fall directly from the data given* 



(23) 






A 


t 


= i 

V 


. B 


t 


d 


C 


t 


= M 
8 
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YOUR ANSWER B 



/ 



We showed chat W = k"Fd< 



In this expression, the porticn "Fd" is a product. Since "pet" 
signities a fraction bar, the unit for work could bTl^ewcon per meter 
only xf the proportion involved a quotient. Since there is no quotient 
expressed or implied, there can be no "per" in the unit 



Please return to page 35 „ The answer should be clear now. 
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YOUR ANSWER A 



Despite the unf amlliarity of che unit used to express work in this 

trthe'dl?in^?°'' ^ Going back 

to tne definition tor pov/er : 

P = W/t 

and since we want the work done, we can solve the equation for W: 

W = Pt 

The power is 500 watts and the time is 1 minute, so 

W = 500 w X 1 min = 500 watt-min 

But this isn't the answer you. selected, is it?. What's wrong? 
Compare with the answer above, as you selected it<, 



Go back to the original question on page 121 and work the problem again. 



ERIC 
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YOUR ANSWER A 



"^ou are perfectly correct. 



The k±netic energy of the block as it ):eturns to the ground is: 

K.E. « limv^ % X 5o00 kg x 58.8 m^/sec^ j_47 jcuies 

The kin e tic energy ot the tailing bluOck whe n it x et ches ground level i-s 
eitacxly the same as the work originally put into the j_ob o : aism g the blo^k 
Fzcm this we must conclude that 147 joules were stCiied in the block while 
it rested on the shelf, and that all this energy was conveited tc K.E. the 
end ot its fall. 



I NOTEBOO K EmKY 

I Lesson 12 

i 2'-c Potential Energy 

I Ca) Potential energy is the energy possessed by a body because of 

] its position or distorcion c 

j (b) Under ideal conditions, P.Eo is equal to the work required to 

j bring the body to that position, or to cause the distortion* 
I (c) For potential energy of raised position (against gravity) , 

\ the work done to bring it to that position is W « Fd. But the force in 
i this case is the same as the weight w of the body, and the distance raised 

is to be called the heigh t ho Hence, we may express PoEo of position as | 
PoE. « who ' \ I 

(d) In the MKS system, w is in newtons, h is iri meters, and P.E.. , \ 
therefore, is in joules « | 

. - .J 



Please turn to page 184 in the blue appendix o 
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In the notebook entry, we mentioned the potential energy of distoi- 
tiotto Let's ex.piore the master fur.ther* 

A body can store up potential energy if it is raised, to some height 
above the grounds We say the body has potential energy because, it its 
support is removed, it will fall and convert all the PoE. it had x>7hile at 
rest to KpE. as it reaches the ground. For bodies chat have potential 
energy as a result of nheir position, we shall call ground level 2ero height . 

The most cotmnon way to tell if an object has potential energy is to ■ 
note whether or not this object will have kinetic energy when released. 



SPRING 




ilgure 8 



REST POSITION 



Referring to Figure 8, we see an unstretched spring in A (ignore 
gravitational effects), and the same spring in the stretched state in B. 
To stretch it, an average force of 2,5 nt was applied, causing the spring to 
lengthen by Go 20 meters. The spring has been distorted ; its form in B is 
different from its form in its relaxed state in Ao If the spring is released 
that is, if the force is removed ^ the end of it will leap back toward the lei 
causing the maps of its turns to moveo We conclude, then, that the 
stretched spring possessed potential energy which is converted to kinetic 
energy when the end is released ^ 



How much PoEo did the spring possess in its stretched state? 
Write your answer; then turn to page 114^ 
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YOUR ANSWER B 



Ycu are correct o This answer is based on plain logic. If the engine 
can raise a crate 10 f.t with OcOl gal of gasoline, then it is reasonable 
to expect it would use twice as much gasoline to raise the crate twice 
-the distance. Similarly, if the same engine were called upon to lift the 
same crate through 100 ft, we would expect that the gasoline consumed wculd 
be 100/10 X O.OI gal or OA gal. 

Again relating the work done to the fuel used, we see that the engine 
must do twice as much woxk to raise a crate through twice the distance, . 
three times as much work for thzee times the distance, and ten times as 
much wotk for ten times the distance o 

What relationship does this suggest? 

(3) 

A Work is equal to the distance moved o 

B Work is directly proportional to the distance. 

C As the distance is increased, the work done increases c 
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YOm ANSWER D 



This is not the right answer c One of: the answers is coiiecto 



A watt Is the same as a jcuie per second. And a joule is a cnlt of 
work* What kind ct a unit, then^ does the jouie per second measure? 



Please return to page 2' and make another choice. 



ERIC 
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CORRECT ANSWER: When t » 1,00 sec, the body falls 4,90 meters. 



That is: 

d « ^ « 9.80 m/sec^ x (4,00 aec)^ - 4 90 m 
2 2 — 

The original height of the ball was 44,1 meters, so the new height at 
the end of 1,00 sec is: 

44,1 m - 4c90 m « 39,2 m 

Thus, we have 1,00-kg ball (weight « 9.80 nt) at a height above ground 
of 39,2 mo 



What is the potential energy of the ball in this position with reference 
to ground? Write out the solution and the answer; then turn to page 144 
to check your work. 



\ 
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YOUR ANSWER C 



You are corrects The units of work are given as the newton-meter 
or joule. 



In the discussion just completed, we have established a very useful 
basic concept: The conservation of energy in ideal situations* Next, we 
shall apply this concept to the analysis of the motion of a simple pendulum o 



For this application please turn to page 60« 
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Figure 9 

When a ball (called a pendulum bob ) is hang from a: suppo£t by oieans 
c£ u string, it; hangs straight down forming what is known as a plum b iir.ec 
The center of gravity of the bob may be assumed to be at the georaettic 
center of the sphere^ In position (1), Figure 9A, the center of gravity ct 
the bob is taken as zero reference level from which all heights or depths 
are measured « The bob has a mass m. 

When a force is exerted sidewise on the bob, it can be displaced tc 
position 2, as in Figure 9B, with the string still tauto Since the hcti'ion 
component of gravity is negligible for small displacements of the bobj we 
assume the work required to move- the bob horizontally is zero But work is 
involved in moving the bob to position, 2, because it has been raised 
vertically through distance he How much work was done. in moving it tzom 
Vl) to (2)?. Remember, w « m x gc 

(29) 

A The work done was equal to m x ho 

B The work done was equal to m x g x ho 
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YOUR ANSWER ~- C 

You took the right road but stumbled over a detail. 
The equation for kinetic energy is %iv not just mv o 

This should give you a hint to enable you to locate your mistake o 
Do so, then return to page 123 and select the right response. 
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YOUR ANSWER B 



You are correct « The force that lifts the mass is the vexticai ^ott;- 
ponent of whatever force is applied to do the jab. But the ve2tii.Al ocm- 
ponent of :c.his force must be equal to the weight or the b^b, exerted la an 
upward directioiic Then, §ince w ^ mg, the woik done is eqaiv^aienc xc mgh. 



Now picture the bob held in position (2) ot Figure 9 on page 60 It 
IS motionless, hence its kinetic energy is zetCr. Thus, ail th^ wj^k dcr^e en 
the bob, representing the total energy of the systerrt. now resides m it iri ::h 
form ot potential energy. We can express ic this wayi 



li the bail is now released, it will gathei speed as it moves to the 
lefto It will then pass through position (i) soire time during this motion. 

At the instant the ball passes through position li), which or the 
following statements would correctly describe the energy distribuv ion ? 



W * total energy * K,£. r P.Ep ^ 0 y p E 




1 30) 



A The total energy of the bob comprises only KoE^ 



B The total energy of the bob comprises some KcE. and soma P>.£ 



C The total energy of the bob comprises onlj^ ?r£ 
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This page has been inserted to maintain continuity of texto It is 
not intended to convey lesson, information o 
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This page has been inserted to maintain ccntlnuicy ot text. It is 
nor intended to convey lesson information,. 



ERIC 
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YOUR ANSWER C 



Although this statement is true, it is inccraplete. The figures given 
should enable you to state a relationship that is more meaningful. 



Certainly, the work increases as the distance increases* But is it 
true that the work triples as the distance doubles, or that the work rises 
to 100 times its former value if the distance is increased 10 times? Of 
course not I Yet in both these cases, the work increases as the distance 
increases o 

So, you see that your answer is too qualitative; it does not contain 
all the information that can be derived from the discussion » 



Therefore, please return to page 56 and find the answer that does 
have this information* 
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YOUR ANSWER — C 



There is no such equation! 



Although this expression does. relate time and distance — and this is 
the relationship you would need to determine the time of fall or the ball 
over a distance of 44.1 meters — it does not relate them properly « 



You may need to go back over the appropriate equations in yoMz notes, 
and review them before you return to page 51 and select another answet 



6? 



YOUR ANSWER C 

r 



If you have the right answer for the KoEo of the block as it returns 

to ground level, the appropriate conclusion ought to be apparent immediately. 

Perhaps you made an error in arithmetic « Once you gee the right result fot 

the KoEa, you should reach a conclusion that can be generalizedc Let's 
review the points made thus far: 

(1) 147 joules of work did the job of raising the 5oOO-kg block a 
distance of 3oOO meters o 

(2) We decided that the KoE, of the block on the shelf was zero 
because it was not in motion, and its velocity was zeroc 

(3) However, having done 147 joules of work on the block, we fell 
^h^^^ hav e added energy to it o Since this energy is evidently not 
kinetic, then it must be another kind of energy « 

(4) We concluded, therefore, that the energy (147 joules) is stored 
because o£ the block's raised position* We called this potential energy o 

(5) To test this theory, we computed its KoEo when the block fell to, 
its original positiono Finally, we must compare this K,E« with the original 
work done in the PcE. "storage^* process o 



Please return to page 139 and select another answer. 
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^OUR ANSWER — r- B 



This expression is not valid p We have never derived not used anything 
like ito 



Although this expression does relate time and distan ce — and this is 
the relationship you need to determine the time of fall or the ball oxez a 
distance of 44 d meters — it does not relate them properly: 



Ycu may need to go back over the appropriate equations in your notes 
i-nd reu"iew themo Then please return to page 5X and select another answe.: 
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YOUR ANSWER B 



Not directly^ 



The equation d = h&t gives the relationship betweeii time , accelera- 
tion, and distanceo It does not relate velocity to the other quantities.. 



Please return to page 124 and make a selection that fits the question. 



ERIC 
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YOUR ANSWER ~- C 



You've erred somewhere in your calculation c 



One of the answers is correct. Check your work; then ple^tse retc;:a 
to page 143 o You should be able to pick the tight answer « 
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YOUR ANSWER B 



You are absolutely correct « Since you know mass m and velocity v, 
you can make direct substitutions into the equation: 

2 



Remember, we want to find the height from which the stone was 
dropped o Let's compute the kinetic energy at ground level: 

K E ^ 20 kg X (12 m/sec) 

' " 2 " 2 

KoEo = 1,440 joules 

Assuming ideal conditions, the potential energy of the stone at the 
height from which it fell must also be 1,440 Joules, since all the PoEo was 
converted into KoE« by the time the stone reached the ground o 

P.Ec =1,440 joules 

but P.E» wh, so 

wh = 1 ,440 joules . 

and h = 1>^^0 jo"les 
w 

The mass of the stone is 20 kgo What is its weight? Write your answer . 



Now turn to page 49 « 
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CORRECT ANSWER: At the end of 1,00 sec of free fall, the speed of the ball 
is 9.80 m/secc That is, 

V = gt = 9.80 m/sec^ x 1.00 sec = 9«80 ra/sec 

We want to calculate the K.Eo of the ball, then, when its speed is 
9c.80 m/sec. \^hat do you get for the kinetic energy at this speed? 

(26) 

A 96.0 joules. 

B 48.0 joules. 

C A. 9 joiilesc 

D None of these answers » 
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YOUR ANSWER B 



answer? It is correct o From W * k"Fd, we 
a lo Then substituting for F and d, we have: 

W « 3o6 nt X Oo70 m 
W » 2.52 nt-m 

However, since a newton-meter is a joule, we can express this answer as 

^ 2 o 52 joules > And since we are working with only two significant figures, 

the final result is best expressed as 

W , » 2_o^5 joules 0 



What's wrong with this 
obtain W = Fd when we make k" 



One of the answer choices, however, is wrong on two counts o Please 
return to page 119 j find the answer we mean^ 
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YOUR ANSWER D 



At the start of the free-fall process, the total energy of che bail was 
all potential — 432 joules. If you say that on reaching the ground, the P,En 
of the ball is still 432 j and its KoEo is also 432 j, how do you account ioi 
the fact that the total energy of the ball would then be 432 j -r 432 j » 86^ 
The Qnly work done on the ball was that involved in the raising process, 
432 jc You know that work must be done to give something energyo You 
can't add another 432 j to the energy without accounting for it* 

Furthemcre, you know that potential energy of position is the piiodu t 
of the weight and heights But, at ground level, the height c£ the bail 
above the ground is zero; hence its PoE* = 2 x 0 « On 



Please return to page 76 and select a better answer. 
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CORRECT ANSWER: Force F may be considered to be made up of a horizontal 
and a vertical component o 




Figure 5 

Figure 5 illustrates the resolution of force F into its two components, 
and Fyo Ignoring F, now we can talk of the effects of the components. 
As we saw before;, a vertical force that causes no vertical motion does 
absolutely no work* This means, of course^ that Fy may be ignored, too, 
as long as we confine our discussion to the forces that do work in our 
example 0 

On the other hand, the hoxizontal component of F (F„) is the force 
which causes the actual, observed motion resulting in the displacement do 
Thus, only F^ does work along the horizontal line as the block moves over 
the distance do 



Now, you should be able to write the equation for the work done in 
the situation shown in Figure 5o Which of the following correctly describes 
it? 



(7) 








A 


W 


a; 


Fd 


B 


w 




Fyd 


C 


w 


s; 


Fyd 


D 


w 


S8 


FHFvd 
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CORRECT ANSWER: Ac r « 0 sec, before the ball starts to fall. Its energy 
Is entirely potential . 



The body is not in motion, so it has zero kinetic energy. To find 
its total energy then at t 0 sec, we must determine its potential eneigy. 

P.E. =^ wh 
but since w = mg 
then P.E, = mgh 



and substituting, we can write: 



PoE= = 1.00 kg X 9 ,80 m/sec^' X m 
P::E-. ^ 432 joule s 



Thus, in answering (1) or part {a) or the problem we would say that: 

the ball's P.Eo at t = 0 is 432 joules 
the ball's K.fc at t = 0 is zero. 

Now, without further calculation you should be able to tell us the P 
and K^Eo of the bal l at _t « 3c 00 sec . (Remember that we calculated the time 
required for the ball to come to ground level as 3^00 sec.) 

Don't hurry. Take the time you need to think this outo Then select 
an answer from those listed below: 



At t = 3.00 sec, the ball has a 
(24) 

A P»E. of zero and K.E. of 432 jo 
B P.E. of zero and K.E. of 288. j. 
C PoEo of 216 j and K.Ec of 216 jo 
D P.Eo of 432 j and KoEo of 432 j* 
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YOUR ANSWER A 



Incorrect! 



We know the mass of the ballo It is a constant value of 1.00 kg and 
is not affected by the motion of the ball in free fall. 



Please return to page 144 and choose the alternative answer o 
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YOUR ANSWER A 



The product m x h is a product of a mass and a distance^ 

You know that work is a product of a force and a distance o Then the 
product m X b can not express work. 



Please return to page 60 and select the other answer 



/ 



ERIC 
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-YOUR ANSWER C 



^We'll refresh your memory. 



Let's go back to Newton's Second Law. Your notes will show that we 
had a similar proportion involving force, mass, and acceleration which could 
be put into the form F ^ k^'ma. 



In deciding upon the unic to be used for force F, we allowed the k'^ to 
be dimensionless with a value of unity and then wrote: 

F « (1) X kg X m/sec 

t i ^ 

k'* m a 

Then we said that the unit for force must be the kilogram-meter per 
second squared, or kg-m/sec^c 

Thus, in forming the unit for the derived quantity (force in the case 
of the Second Law) we merely perform the operations dictated by the defining 

equation, multiplying or dividing or both, depending on the instructions in 
the equation o 

2 

In this case, sec appears in the denominator of the force unit because 

±z is in the denominator of the unit for acceleration. 

Perform exactly the same operation with the expression: 

W = k"Fd 



Now return to the original question on page 35 and select the right 

answer. 



ERLC 
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YOUR ANSWER A 



Corrects 



When it is at position CO ur -Figure 9 on page 60, whether it is m 
motion or not, the height of the bob is considered to be zero since this is 
the zero reference level. Since mgh newtons of work were done on the bob 
to raise it to height h, it must have been given mgh newtons of total energy 
At position (1;, we see that its P»E, is zero; hence the total energy must be 
all KoE, , by the Principle of Conservation of Enetgyc If the bob is moving 
with speed v at position (2) , then the total energy of the system is 

Total Energy K.E. -f P.Eo=» K«E. 0 ^ km'^ 



Now turn to page 81, 



Now refer to Figure 10 » 




Figure iO 



The bob passes through (1) and, because it has kinetic energy, it 
continues to move toward the left, rising to height h' at position (3). 
Here it stops moving, before reversing direction on its next swinge At 
position (3), the bob again has zero KoEo, and the total energy of the system 
is 'all PoEc In this case, the P.E. mgh'c Select the only true stacementr 

(31) 

A The magnitude of mgh' Is exactly the same as mgh, 

B The magnitude of mgh' is smaller than that of mgho 

C The magnitude of mgh Vis greater than that of mgho 
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YOUR ANSWER A 



You are quite corrects 



So far we have: 

W = mad 

and also 

v^ = 2ad 

Suppose we solve this last equation for a. This gives us: 

^ 2d 

2 

Thus, V /2d is the equivalent of a and may be substituted for it in 
the expression W = mad. 

We would like to make the substitution and then simplify the resulting 
expression as much as possible. Write your answer, then see which of the 
following is a true statement. 

(12) 

A TT ^'^^ 

A W = 



2d 

B W = mv^ 



C Neither of these answers is right. 



We should like to close this lesson by des:iibing a simple expeximent 
In which the consai-caticn principles tor bcx:h incmentum and eneigy\ help 
as rc appreciate ^he impc;: t.^nce of ;. eitiembex mg which quantity is a ueotcr 
and which a scalax . 

- <: •> 

















^ m =^ 0.20 kfc 













Flguze ii 

In Figure ll, we see a billia^rd table from above. Two billiard bails 
ot equal mass m are moving with equal uniform velccit.ies m opposite ditecticn 

Bearing in mind that energy is a scaiax qiiantity, we aie not con:e,ined 
with the directions ot the twc motions in answering the question: What is 
the total kinetic energy or the -system? The system includes both balls and 
the tabiec Clearly, if directions are not to be taken into account, then the 
total kinetic energy of the system is the sum ot the* two individual energies, 
or 

2 2 
Total KoE. » ^nv ^ ^nv"" m.v 

If each m « 0p20 kg and each v =^ 10 m/sec, then the total kinetic 
energy is 20 joules o Despite the fact chat the balls roll m opposite 
directions, each one cou.ld do 10 joules of work if called upon to do so. 



Please tuxn to page 127 to continue* 
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YOUR ANSWER C 



This is not true. You do have enough data to answer this questxonc 



To determine the kinetic energy cf any body, what do you have to know 
Since K.E. < you need mtoimacion relative to the mass or the body 

and its velocity at the time the kinetic energy is to be calculated. Well, 
aren't both of these known? Sure, they at el So you do have enough dar a 
to find the KcEc of the block after it comes zc rest on the shelf. 



Please return to page x50 and select an answer that matches the 
Information you have^ 



YOUR ANSWER A 



No. 



Check your notes for the correc t equation, although this should no 
longer: be necessaryo Important relationships should become part of your 
physics ^Vocabulary" as quickly as possible c 



Please return to page 32. Check yoxii ncces before choosing yous: 
nexv answer o 



YOUR ANSWER C 



You are correct. The work in this case is the ptodact ot the ho£izontdi 
component ?^ and the displacement do 



Let us now state a firm and rigorous definition of work as a notebook 

entry . 



NOTEBOOK - ENTRY 
Lesson 12 

Work and Kinecic Energy 

1. Definition of Work 

(a) Work is defined as the product of the component of force along 
the direction of motion and the distance moved as a result of the action of 
this component . 

(b) The equation for work may be written: W pd where F is the 
j component of the force in the direction of motion and d is the displacement 
1 or distance moved* 

t (c) Work is measured in newton-meter s ui joules in the MKS system 

(d) Illustrative example: A force of 18 r^t acts au an angle 0 on a 
block of wood on a table. The angle is such that the force may be resolved 
into a horizontal component of 16 nt and a vertical component of 9 ntr. If 
the block moves 4 m along the horizontal table, how much work was done? 

Solution : Only the horizontal component of the applied 
force is involved in the work; hence W-Fd^ i6ntx4m = 6o xic-m * 
64 j oules 0 

^ . i 



Please tur.i to page 182 in the blue appendixo 
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A word o^rIn^^°'^^'^"'^i^ problem,, involving the principles of work: 

A boy weighing 120 lb climbs a vertical ladder n ft hi^h « 
much work does he do? ■■i-J-t.di xaaaer IJ tt high. How 

(8) 

A He does no work. 

B 1,600 joules 

C 1,600 nt-mt 

D 1,600 ft-lbs 
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YOUR aJNSWER A 



You ^re. cor-iect- The kilowa'c c-hour ;kw-hr/ has exactly ihe s<ime 
icrm as the xvacc-se^Mtid (.w^sec). Iv: is a pzoduc;'-; cl power and time ex: 

kw*ht ^ F X t » "^itI" ^ ^^^^^ eneigy c: wo,:k 

The po'u>ei equatten, P - Fd/Cj is also userui in a siigh'Cij? diiie:en"i 
Tyr>e of computation: For example, in the piobiem beiow^ how dc T^e gee. 
s ^eed inno the picture? 

An elect::'!: mozox is rated to de.,i\e>: -0 0 kw ci powai ■ At. whai spfcec 
ir: met.e:5 pe:* minute (m/min) ^an this mcLo.: aaise a j,jad thai has a mass 
c r 2 -. 5f 7, . 0'"^ kg {. 

We. have been using the simplest .'.epieaenvacion ioi wo.:k in ihe n-Uiirieian- 
cl the light side of the power equa/cicnr That is, when we w^rite Fd_, we 
mean that an unbalanced force F has caused C\ displacement ot a bcoy m the 
dlrecLion that the force cctSc Nozmaliy , we wouia indicate a displaceiT;ent as 
Ad since it does involve a chang e of position. if we dc that, then the pcwe:: 
equat.:ion becomes: 

p Mi 
^t 

which can be rewzitten this way: 

^ Ad 

In this equation, with what could vou lepiace 
(39 > 

A Neither of these- answers is cotiecc 

B Acceleration of the body on which the rojrce acts. 



C Speed of the body on which the fc^cce acts 
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CORRECT SOLUTION: ^ 

4 4 
Given: P « iOcO kw =.iO watts « 10 j/sec 

m = 2./5 X 10^ kg 

Since w = mg, then w ~ 2o75 x 10 kg x 9^8 m/sec 

w = 27,0 X 10*^ nt « 2.70 X iO^ nt 

So F « 2.70 X 10^ nt 

P « Fv, herxce v ^ P/F 

Therefore: 



2c 70 X 10^ nz 

New, dividing j/sec by nt gives us irj/sec, because 

j nt-m 
sec sec ^ m 

nt nt sec Thus v - 0,037 m/secc 



To 


obtain the answer in meters per minute, we multiply by 60 sec/mm 


and get : 






2.22 m/Tnlri (final answer) 




NOTEBOOK ENTRY 




Lesson 12 


(Item 5) 


/, 


(h) 


Power and speed are related by the expression: P « F'v 


where P = 


power in watts or j/sec, F =» unbalanced force in newtons, and v 


= speed in meters per second o 


(i) 


Copy the problem Just ccapleted as a sample for this entry. 



Please go on to page 90 « 
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Did you find the right answer for the last problem? If not, be mere 
:areful with this next one. 



3 

Energy :.s expended at the rate of 5,0 x 10 joule/second in causing a 
3»2 X lO"^ kg block to move horizontally against friction on the floor at 
2.0 m/sec. Find the retarding force of friction. 



Write out your solution carefully; .then turn to page 125, 



91 

If work is a measure of energy transferred, then we should be able to 
determine the energy of the moving block by calculating the work (assuming 
that all the work done appears in the form of energy of motion «) 

Obviously, the work done may be obtained from W = Fd, since the foice 
is constant and in the direction of the motion. So W = Fdr 

We should now like to find an expression for the energy in terms of 
the motion of the body* For clarity, consider this situation: if the mass 
m were to come sliding past you at a velocity v (as in Figure 6 on page 117), 
you could be sure that work had been done on the body during some past 
interval in order to overcome its inertia and accelerate it from rest to the 
velocity v , c^ve n though you had absolutely no information concerning the 
force thac was used , or the distance over which the force actt^. In other 
words, the energy of the mass m moving with velocity v should be caiculabie 
simply from a knowledge of the magnitude of m and v without reference to ch e 
original forc e F £r distance d_c To do this, we must convert W = Fd into 
another equation containing m and v, rather than F and do as a start, we 
could replace F with its equivalent using Newton*s Second Law of Motion. 
What could replace F? 

(10) 

A ^ ■ 

m 

E !E 
a 



C 



ma 
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This page has been iriJierted to maintain continuity of text. It i£ 
not intended to convey lesson information . 



ERIC 
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This page has been inserted to maintain continuity of text. It is 
not iritended to convey lessen information. 



ERIC 
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This page has been inserted to maintain continuity of text, it is 
not intended to convey lesson information. 



ERIC 



YOUR ANSWER B 



This answsjr neglects the difference between weight and mass. 



Work is a force in the direction of motion times the distance moved « 
If vzork is a product of force and distance, then it cannot be a product of 
mass and distance. Force is measured in newtons» You multiplied the mass 
of the block (5c 00 kg) by the distance vertically (3o00 m) and obtained 
an answer of 15 oO joules o 

To find the work in this case, you must multiply the necessary f orce 
to lift the block by the distance o 



Please think it overc Then return to page 170 and make a better 
selectiono 
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YOUR ANSWER D 



A newton is a unit of force, not worki If the x^att-second is iea^ly 
a work unit it cannot be the same as a force unit, can it? 

If you will remember that a watt and a joule per second axe idenci.ai 
units, you should have no difficulty in choosing the right answer. 



Please return to page 140 and make another selectiouo 
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YOUR ANSWER C 



Nou directly* 



The equation v » at gives the relationship between final velocity, 
acceleration, and time o It does not relate distance to the other quantities. 



Please return to page 124 o Make the selection that meets the 
requirements of the question^ 
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YOUR /"?SWER B 



The wait is not a unit of energy. 



A watt is a joule per second; a joule is a unit of work and we have 
seen that work and energy are measured in the same units; hence, the 
joule is also a unit of energy. Then, a joule per second, and therefore a 
watt, must be a unit for measuring the time rate of energy usage, not enetflv 
Itself^ °-' 



Please return to page 27 and select another answer. 
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YOUR ANSWER C 



You are quite correct .. There are two errors in this answer « Most 
important is the unit error: The product of force and distance cannot be 
expressed as newcons per meter as we have explained beforec The correct 
unit is the nt-my or the joule^ Also, since the problem is given to two 
significant figures, the answer should not have three significant figures..^ 



d - Oo70 m 
> 



1 ' 


Li 


F = 5.6 nt 



t: 





Figure 3 

You may have noted that Figure 3 has the addition of two forces 
besides the unbalanced horizontal force of 3.6 nto This is a real block and 
it has a definite amount of weight, W. But, since it doesn't fall through 
the table, it is held in static equilibrium by the reaction force exerted 
upward by the table, F-^o We might say that the block is acted on by 2 forces, 
F and F^., while it acts upon the table with the force W, its own weight « 

IJow, here's oxx question. F aces on the block and does work to the 
extent of 2.5 jouleSo also acts on the block* How much work does it do? 

(6) 

.7/ A The same as F, that is, 2c. 5 joules c 
B No work at alio 
C I don't know* 
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YOUR ANSWER D 



No. This is defined in item 2(a). 

You have the wrong item. If you're going to make progress, you 
have to keep your notes neat and in order • 



Please return to paye 138 and choose again. 



ERLC 
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YOUR ANSWER B 



No, that's ircorrect. 



You forgot that, in kinetic energy, we are dealing with the square 
of the speed. ~^ 



Work the problem once more, then return to page 137 please, and 
choose an answer that conforms with your revised work. 



ERIC 
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YOUR ANSWER — C 



The prefix "kilo" means ' .000 times," Thus, a kilowatt is the same 
as 1,000 watts. When we write ^ lowatt-hour , we state that we are multiplying 
power times time c 

"Power per unit time," however, states that power is being divided 
by time. Some other familiar examples of this are: 

acceleration = change of velocity per unit time = v/ t 

and 

density » mass per unit volume = m/v 

Note the division sign in each of these examples, representing the 
word "per." 

Hence, the kilowatt-hour (kw-hr) cannot be defined as power per 
unit time since it is a product, not a quotient » 



Please return to page 145 • Choose the right answer this time. 



ERIC 
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YOUR ANSWER D 



Oh, come now.' 



We haven't work with English units in any of our lessons. Why should 
we turn to them now? 

Please return to page 128, Stay in the preferred metric system. 



ERIC 
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YOUR ANSWER D 



Work is the product of a force 
forces and a distance in the product c 
of work, -ould it? How much does the 
the direction of motion contribute to 



and a distance « This answer shows two 
This could hardly fit the definition^ 
component of force at right angles to 
the work expended? 



Please return to page 75; then pick a better answer o 
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YOUR ANSWER B 



Acceleration is defined as the rate of change of velocity with respect 
to time, or a =» 4vMt« 

Here we are dealing with a rate of change of displacement with 
respect to time. This is not accelerationc 



Please return to page 88 and make a better answer choice^ 
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YOUR ANSWER B 



VJe're not planning to push the block down; we're just going to let 
it fall by pulling the shelf out of way^ 



In that case its initial velocity would be zero, wouldn't it? 
There's nothing to determine in this respect then. 



Please return to page 157 ^ Y:^u should be able to choose the right 

answer r 
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YOUR ANSWER A 



You omitted one step in the solution of K<,E. = %mv . Which step lb 

it? 



Correct your work, return to page 72, and then select the right answer. 



1 



ERIC 
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YOUR ANSWER A 



We disagree. 



So far, our definition of work states that W = Fd, since the propor- 
tionality constant has dropped out. Substituting in this simple equation: 

W = Fd 

W « 3.6 nt X 0.70 m 
W » 2o52 nt-m 

And since we are working to two significant figures, the answer should be 
given as W = 2«5 nt-m« 



There is one answer, however, that is definitely incorrect on two 
counts. Return to page 119, find this answer, and indicate your selection 
by picking the associated letter choice. 
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YOUR ANSWER B 



This choice ot answer indicates thar. you must have obtained an 
incorrect result toi your calculaticri= 



Perhaps the eirci w;^s one of arithmetic, before going through the 
work again, lee's briefly check the points made thus far. 

(i •■ We have shown th&t 14? joules of work were done in raising the 
3^00-kg block through a distance or 3^00 meters « 

f 2.) We decided that, the block could not have any kinetic energy 
after coming to rest on the ^heif , simply because it was not in motion and its 
velocity was zero. 

(3) But, having done l^I joules of work on the block, we felt that 
we must have added energy to it » If this added energy is not K.Ee , then it 
must take some other fo^in. 

(A) We then ©aid that the energy was stored in the block in the form 
of so-cailed potential energy. 

(5) Tc test this theory, we then computed its KoEo when the block 
fell to its original position. Finally, we shall want to compare this K.Eo 
with the original work done in the P.E. "storage" process • 



Please return tc page 139 and select another answer c 



ERIC 
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YOUR ANSWER — A 



This expression is applicable only to motion with uniform velocity. 
It may not be applied to uniformly accelerated motion, such as that of a 
ball in free fall- 

You are looking for an equation which relates time and distance, 
since you know the distance of fall and want to find the time required. 



If necessary, review the appropriate equations in your notebook. 
Then return to page 51 and make another choice. 



YOUR ANSWER A 



You apparently missed the point o Observe in Figure 5 on page 75 that 
the force F acts at an angle to the horizontal plane (8), but that the block 
moves along the horizontal line in covering the distance dc Our latest 
tentative definition or work requires that, if vork is to be done, the motion 
must be in the direccion of the force. Since the motion and the force are 
not In the same direction, then the work cannot be the product of F and d. 

Read over the text again, particularly the part about the resolution 
of F. Then select your answer carefully. 



Please return tc page 75 and try again o 
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YOUR ANSWER B 



Let's analyze your answer carefully « It the magnitude of mgh' was 
actually smaller than that of mgh, this would mean that the potential 
energy at (3) of Figure 10 on page 81 was less than the potential energy at 
(2)o Now, at both positions, the kinetic energy is zero; hence the PoE is^ 
the total energy of the system* 

Do you see the implication? When you select this answer, you are 
saying that some energy vanished altogether in the transition of the first 
swing of the pendulum. Working under ideal conditions as we are, this 
is quite impossible according to the Principle of Conservation of Eneigy^ 
Ail the P.Eo of the raised bob in position (2) must have become transformed 
into K.E in position (1) which, in turn, reverted to PoEo when the bob 
reached position (3}c 

So — how could the PcE, in position (3) be smaller than that of 
position (2)? 



Please return to page 81c You should be able to select the right 
answer without difficulty now. 



ERIC 
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YOUR ANSWER D 



This is not ctuec 



One of the given answers is quite correct c The thing to do is to let 
kinetic energy equal the work performed o 



Try again c 



Please return tc page 123 o 



CORRECT ANSWER: The potential energy oi rhe spring was Oo 5 0 j . 



This answer results from these considerations: 

(1) The work done on the spring in stretching it 0^20 m is 

W = Fd » 2.5 nt x 0.20 m =^ 0.50 joules 

(2> Under ideal conditions, the potential energy is equal to the 

work done in causing the distortionc Hence, P . E - - 0o50 j . 

When the spring is released, its kinetic enexgy as the loop at its end 
passes the original rest position is also 0.50 joules, since all the P.E.: 
originally stored in it has been convetted to K-,E-, at this point. 

! 

The explosive charge propelling a builet has chemical potential 
energy which, for simplicity, may be viewed as energy stored in the 
"distoition" of the molecular structure ot the powder. 

Suppose a 4,0-gm bullet is given a muzzle velocity of 700 m/sec by its 
charge^ Can we find the potential, energy of the powder using only this 
data? Yes, we cano 

Find the kinetic energy of the builet as it leaves the gun, then convert 
this to the potential energy of the chai?ge propelling the pellet. 

What's the answer? 
(21) 

A 1,960 joules. 
B 1,400 joules c 
C 980 joules. 

D None of these answers is right c 



YOUR ANSWER ~ 



B 



Do you recall that we emphasized the level of position (I) of' Figure 9 . 
on page 60 as the zero reference level? Then, when the bob passes through 
(n , its height is zero z Therefore, with reference to this arbitrarily chosen 
zero height, the potential energy of the bob must also be sero since 

P.Ec « mgh 

P.Eo «TnxgxO = 0 
On this basis, your answer cannot be correct o 



Please return to page 62 and choose the correct answer c 
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YOUR ANSWER B 



You are correct. The weight of the safe does not enter into the solu- 
tion of this problem • 



The horizontal force is 450 nt and the horizontal displacement is V:: m; 
hence from W = Fd we have: 

W = 450 nt X 25 m =» 11,250 joules, or to two significant figures ,^ 
W = 11,000 joules • 

Our definition of work as the force in the direction of motion times 
the distance moved was developed to agree with the idea that equal amounts 
of fuel will supply equal amounts of energy^ . Will this definition provide 
us with information about the energy possessed by a moving body? If it cannot 
do so, it has little value as a definition. 



To continue, please turn to page 117 « 



Figure 6 



In Figure 6, a constant force F is applied to a mass m on a friction- 
less table. The mass accelerates as a result ot the force, takes on new 
velocity, and travels the distance d while the force is actings 

Work was done by the force F on the mass ra according to our defini- 
tion. This work is the measure of the energy transferred to tne mass m 
according tc cur definition. Now we should like to find an expression for 
the energy in terms of the motion of the body- 

As the diagram shows, the mass starts with an initial velocity equal 

to and accelerates to a velocity v. Write the missing word, then 

turn to page 91. 
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YOUR ANSWER C 



Any or all of the listed characteristics could be found from this 
data. However, we asked for the one that could be found most conveniently- 
By this we mean, which relationship—the equation for finding work, K.E* 
or can use these data as direct substitutions? 

You answered potential energy. But to find P.E., you must know the 
weight of the stone and the .height to which it was raised. Neither of these 
quantities is given in the data, hence it is not convenient to find P.Ec 
f irstc 



Please return to page 171; then pick a better response • 



YOUR ANSV:£R A 



Ycu are correct: 

W ^ k"Fd 

W (i ) X nt X m 

You will remetnber that we sometimes give another name to a dexlved 
unit to reduce its awkwardness o We did this with the unit of force, the 
kg-m/sec^ by calling it one newt on. 

The same thing is done with the unit tor wcrk, the newton-meter . It 
is called a jocie artet James Pzescott Joule ^ the English scientist who 
contributed much of mechanics to physics « (For the pronunciation of the 
joule: There ate ptobably as many authorities who pronounce it "jewel," 
. as there aite who say "jowxo"? So remember: joule « 1 newt on-met er o 



Before continuing, please turn to page 18i in the blue appendixo 



d * O./O m 




F ^ 3.6 nt 



Figure 2 

Suppose, as in Figure 2, a force ot 3.6 newtons is applied horizontally 
to move the block a distance of Oo/?0 meterso Energy is required to overcome 
the friction between the block and the table upon which it rests « Which 
answer below does NOT properly express the work done? 

(5) 

A 2o5 nt-mo 
B 2.5 joules c 



C 2o52 nt/m. 
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V YOUR ANSWER A 



You are correct. At ground ie^ei, 
of the ball is zero so that its potential 
PtE., however, is tranfonned into K.E. ac 



cr reteren^e zero level, the height 
energy is zero, too, Ail ot the 
the time of impact. 



Getting back to our problem, we have seen that at t =^ O, the P..E„ 
432 j and the K„E. » 0; that at t = 3^00 sec, the P E. » zero and the K.E 
^ 432 j 0 Our next task is to find the distriburion or ene: gy to t i_ 1^0 0 
sec . 

We'll do this in several steps, and at. the sdme rime, stress a ve/y 
important ideao Let's start by findirig the P.E. or zhe boil ac t ^ .. 00 sec. 

The ball starts to fall from a height, of ; 1 First iet*s aeteimine 
how fat it fell during that first second and then, by subtaccmg this figure 
from the original height of 44.1 m, we can find its height above ground at 
the end of 1.00 sec* From this, the PoE. follows easily. Thus: 

d - hat^ 

2 

(This is the equation for distance in tree lali wheie » g ^ 9o80 Va sec , and 
t « loOO sec») 

so d » ? 



Work this out to three significant figures, write your answer, then 
turn to page 58 to verify the result . 



J 
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YOUR ANSWER C 



Correct^ The watt is the same as a joule per secondc A joule is 
a unit of work (or energy) ; hence the joule pet second is a measure of the 
time lace of doing work or expending energy which, of course, is the same' as 
power . 



NOTEBOOK ENTRY 
Lesson 12 

(Itetr. 5) 

(e) One joule « 0o 738 ft-ib. Thus, the jsule is smaller than the. f oot~^ 
poxsndo Roughly, i joule is 3/4 cf a ft-ibo 

(i) One horsepower (HP) is defined as 550 ft-lb/sec. 
(g) 1 HP = 550 ft~lb/sec » 746 j/sec « 746 watts^ 



We pzomiseo that there would be no pTOblems using English units ^ but 
we should solve a i "^w samples in the MKS systemc We'll run through a simple 
one first 0 

An electric motor which runs a drill ptess consumes 500 watts of 
electrical power. Ass'jiming that all the electricity used is converted into 
useful mechanical work, hew much work does a drill press do each minute that 
it turns? 

(35) 

A 500 watt-sec c 

B 500 joules c 

C Neither of these* 



ERIC 
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YOUR ANSWER C 



You are absolutely correct <. Both answers are wrongs Here is the 
right solutions 



m = 2.0 gm = 2.0 x 10 ^ kg 

-2 

V =• 6o0 cm/sec = 6cO x 10' m/sec 



2 

KoE. = %tnv 



KoE. 



= 2,0 X 10"^ kg X (6>0 X 10"^ m/sec)^ 



KoE. = 36 X 10 ^ j = 3^ X 10 ^ j_ 

We have seen that work (W - Fd) is used as a meas^ire of the amount 
of kinetic energy given to a body^ Throughout our discussion thus tar, we 
have implied that all of the work done on a body is used for the sole purpose 
of giving kinetic energy to it. In other words, we assume ideal conditions 
in which there are no friction forces of any kind to force us to do work to 
overcome them. Later we shall study the effect of friction, but for the 
present, let us continue our analysis on the basis of ideal conditions o 



Please turn to page 123 « 



Let's emphasize, again that under ideal conditions the kinetic energy 
acquired by a_ m&£& is^ exactly e qual ro che work done upon that mass in 
transieirxng energy 'co xz . As an illustration ot this, how would you answer 
the following quesrion: 

A bey pushes horizontally on a 72-kg frictionless cart with a constant 
force of 64 nt until it attains a speed of 4.0 m/seCo Over what distance 
did this constant rorce have to act on the cart? 

A 2.25 m. 

B 9o0 m. 

C 18.0 

D None ot these is correct r 
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YOUR ANSWER C 



Certainly it cani In Figure 6 on page 117, the constant force F 
causes the mass m to accelerate at a rate a; hence the Second Law is appli- 
cable, and we may say that F =» ma. Thus, in: W = Fd, we may replace the 
F with ma and obtain: W = mad« 

Now let us prock^ed further « In the lesson on uniformly accelerated 
motion, we derived an expression which relates the final velocity of a body 
starting from rest to its acceleration and the distance it travels = To 
refresh your memory you may go back to the notes on Lesson 6 (Item 3)o 

Choose from the list below the equation which gives the relationship 
between final velocity, acceleration and distance. 

(11) 

A v^ = 2ad 

B d = hait^ 

C V = at 
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CORRLCT SOLUTION I 



1, V 

P ' 5,^0 A iO., j/sec These facts are given. But note chat the 

Tfi * 3o2 >: iO-^^ kg mass oi the block does not, enter into r:he 

V » 2.0 m/sec = caicul&ticns< First, we find the tinbalanced 

fcx^;.e applied to the block thus: 



P FV 
F 



2 .0 m/sec 
F « 2 ,5 X itO-^ nt 



Now, since the block moves with unlfom speed horizontally, the unbal- 
anced applied force F must exactly overcome the force of xriction; hence the 



two are equal ana 



Gbvxotisly, the applied force and the retarding force act in opposite 
directionc Since they are eq-ual, the block is in dynamic equilibrium 
horizontally; hence it maintains a constant speed. 

Now that we have mentioned directions — really for the first time in 
this lesson—we might expect yon to ask about the vector or scalar nature 
of work, energy, and power. Have you wondered whether these are vector 
or scalar quant 1 ties ^ kou sho-^ld have, you knowc 

Cuiriousiy enough, work and energy are scalar quantities « The proof 
of this statement must await your stjidy of higher mathematics, so you must 
accept this statement on faith for the present o Power is a quotient; it 
is the rate of doing work, expending energy, or work per unit timeo Now, 
if work is a scalar and time is also a scalar quantity, what must power be? 

■ (40) 

A A vector quan ity^ 



B A scalar quantity o 
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YOUR ANSWER A 



This answer is incorrect. 



The determination of the bullet's K.E, as it leaves the muzzle of the 



rifle involves: 



in..liJVtl-^^^ ^^""^^ f ^"'^g^^ '° °f the directions 

implied in this equation? Check the equation again. aiie.tions 



Please return to page 114 and select a bett 



er answer. 



2? 



Now let's V^xvi oisr attention to the total momentum ot the system^ 
Designating 'vightward motion as (r) and leftward motion as (-) , then 

total p - mv T i-mv) 

Thus, tor balls ci 0.20 kg eaich with velocities of -fiO m/sec and 
-10 m/sec respect!^; eiy, what is ^^he total momentum of the system? 

A The total momentum of the system is 4o0 kg-m/sec» 

E The total momentum ot the system is 20 joules. 
C The total momentum cr the system is zeroo 
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YOUR ANSWER C 



You don't have to "determine" the acceleration of the block as a 
freely falling body under ideal conditions. You should know ics value* 

In solving this problem, we shall want to know the acceleration of the 
block as it falls. What value will you use? (Refer to Figure 7 on page 120), 

(19) 

A 9o8 m/sec 

B 9c8 m/sec^ 

C 980 cm/sec^ 



D 32 ft/sec^ 
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YOUR ANSWER C 



Almost, but nor quite^ Perhaps you noted that the units given were 
pounds and feet, but were not cdear on how to combine these unitSo Since 
there is no single word in the English system to take the place of "joule" 
in the MKS system., we form the English unit of work in the same way we com-- 
bined units for our original metric termo You should be able to select the 
right answer nowc 



Please return to page 8? and choose agaiuc 
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YOUR ANSWER D 

This is incorrect; one of the answers given is correct:. 

The determination of the bullet's K.Eo as it leaves the muzzle of 
the rifle involves: 

KoEc 4mv^ 

In deciding on the above answer, did you forget to follow one of the 
directions implied in this equation? 

Check the equation again* 

Please return to page 114 and select a better answer » 
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YOUR ANSWER A 



Actually J any or all or these quantities could be found from this data. 
However, we asked for the one that could be found most conveniently • By 
chis we rnean^ which zelationship — the equation for finding work, PeEo or 
KcE. — can use these data as direct substitutions? 

You answered work donel But to deterinine the work done you must: 
know the force applied and the distance through which this force moved the 
stone in raising it from the ground to its final height. 

You don^r know either or these facts directly; hence it would not be 
most convenient as a first step to find the work done. 



Please return to page 171 c Choose an answer that meets the 
qualifications of the data. 



YOUR ANSWER C 



You are correct- When the substitution and simplification ate handled 
properly, ycu obtain W =* mad and since a v'^/ld then W m x {v^/2d.) x d so 

W = IBI^ 
2 

This last relationship states that the original work done by the constant 
force F moving the mass over the distance d has been used to give the body 
an amount of energy equal to ^v^o We have succeeded, therefore, in ex- 
pressing the energy of the body in tenrts ot ics mass and velocity, wituout 
any reference whatever to originax foice that did the work, or tc the aistance 
that the body moved while the force acted: Thus, this statement ot the 
quantity of energy in the moving mass dees not depend on it s history . Any 
mass m moving with a speed v has an amount or enexgy equal tc %mv^ iegaxdless 
of the method used to cransrer the energy to it^ 

The energy of a mass in motion is called kinetic energy to di^^tinguish 
it from anoth'^r type of energy to be discussed in the next lesson « We will 
symbolize kinetic energy as K.Eo In view of the method used to derive the 
equation K.E» = ^v^, which of the following would be a suitable energy 
unit in the MKS system? 

(13) 

A The joule. 

B The foot-pound. 



C The newt on « 
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YOUR ANSWER A 



Not. always c 



In any conversion from PoEc to K.Ec, after most of the potential 
energy has been expended in increasing the velocity or a mass, the K^Ec is 
much greater than the residual P,Eo 

Similarly, In a conversion involving a change from K*Eo to PoEo, the 
K»Eo is much greater than the P«E. when the process first begins o 



Please return to page 167. Choose a better answer c 
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YOUR ANSWER A 



Net quite c Let's remember to keep the units right. You know that 
acceleration cannot be measured in meters per seconds, 



Please return to page 128 and select the right answer. 
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CORRECT SOLUTION: We hope you used the eas}'- way! 



At a heigh- of 12 raecers: P.E.> 2h » 8.0 nt x 12 m « 96 jouleSc The 
total enexgy oi the systeiri is, theuj 96 joules. Halt'-way dcx^, the height 
is halved; hence the PoE, is alsc halved. Thus, the new P = Ec is 48 joules,. 
But since the total energy - KnE. ^ P.E-. then the K.E at the haif-way mark 
is alsc jj_8 joules. 



NOTEBOOK ENTRT \ 
Lesson 12 j 

\ 

(d) In the case ot a body irk t?:ee iaii, potential energy changes | 
linearly to kinetic energy, since potential energy is airectly propcitional I 
to height, above the reference zero. To find the K = E« or a body in iree \ 
fall at any height, determine its PcE. at the initial height and its P«Ec 
at the required height. The difference between these is the K.E, of the fall- 
ing body at that height, provided that the failing body started from teste 



Befoxe concluding this lesson, there is anothet kind ot physical 
quantity we must discuss. To illustxace this quantity, we should like to 
tell you a short anecdote. 



Turn to page 136, please c 
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A horse dealer advertised two work horses for sale. One, a shiny 
brown stallion, was to sell for $800; the other, a beautiful black mare, was 
to go for $600, A farmer who looked at the horses saw chat they were both 
in good shape and appeared equally strong c He pointed to a wagon full of 
hay and asked the dealer if the brown stallion coulci pull the wagon to the 
top of a nearby hill. The deal said, "Yeso" The farmer then asked if the 
black mare could pull the same wagon up the same hill and again the dealer 
said, '*Yes." 

**But/* said the farmer, *^if both horses can do the same job, why 
does one cost $200 more than the other?^^ What do you chink the dealer 
told him? Think it over I Then turn to page 24 c 



CORRECT ANSWER: The kinetic energy ot the meteor is 2.0 x 10""^ joules « 



We hope you remembered to square the speed. That is: 

^ IByI ^ 4 .4 X iO- kg X (3.0 x 10^ m/sec) ^ 
* - 2 2 

« 2o2 X iO^ kg X 9c0 x iO^ m^/sec^ = 19.8 x 10^^ joules 
1 2 

20- X 10^ joules to two significant figures, or 2.0 x 10 

joules . 

Note that joule s is u. abbreviated jo The meteor has a pretty 

large kinetic energy, doesn^t YcuM expect it, ct couise, because it has 

a large mass and a large velocity,. 

Now let's compute the kinetic energy of a 2cO gm block moving along 
a frictionless table at a speed oi 6o0 cm/ sec o (Watch those units I) What 
is the kinetic energy of this block? 

(14) 

A 3*6 X 10^^ j 
B 6.0 x 10"^ j 



C Neither of these. 
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YOUR ANSWER B 



You are ccrrecte There is more than enough experimental evidence 
available tc permit us conclude that this always happens o 

A system starts with a certain amount of energy that has been put into 
it by woik done on the system. Regardless of the kinds of conversions of 
energy that occur, P.E^ to K.E and vice versa, the total energy is always 
the sum of the individual energies at any given time. Or, under ideal con- 
ditions , the tota l energy of the system remains constant , that is , energy is 
conserved c 



NOTEBOOK ENTRY 
Lesson 12 

4» Conservation of Energy for Ideal Conditions 

(a) Ideal conditions are conditions for which friction, air, 
resistance, and allied effects are considered to be zero* 

(b) Under ideal conditions, the energy of an isolated system is 
conserved. Work may be transformed to either potential or kinetic energy, 
or one kind of energy may be converted to the other, without loss or gain. 

(c/ In an ideal interaction, che total energy of the system is 
the sum oi the potential and kinetic eneigies, regardless of the conversions 
that may take place from one kind to the other. 



Before continuing, please turn to page 185 in the blue appendix* 



Notebook Chec k 

Referring to the notes for this lesson, what does notebook entry 1(c) 



tell us? 






(28) 






A 


It 


presents the equation icr woiko 


B 


It 


presents an illustrative example. 


C 


It 


gives the units of work; 


D 


It 


defines kinetic energy. 



CORRECT ANSWER: Ycu mighz ha^>>e wi^itten either of these two tornis: 

V v?^d or {2/ » 2 ad 

We want to find the K.Eo of the block as it teaches the ground after 
having fallen freely f.roni rest tor 3 00 me^r.erSo Since K E - ^v^, it is 
sensible to use equation (2), because it is the square of the velocity that we 
shall ultimately substitute in the K,E eq;:.aczon. 

Are you with us? We'll find the w^alue for v^^ as we have said, by 
applying equation (2) above using 9o8 m/sec^ for "a" and 3.00 m for "d^' So, 

2 X So8 m/sec^ x 3.00 m 

V 58 8 in V/ sec 

Ail right . We know that ^-he mass m is ^ 00 kg and that v^ is 58o8 
m fsec^o Calculate . the KoE. of vhe blocK as It strikes the groundo When you 
have the answer, please select the :>niy pertinent true statement belcwc 

(20) 

A We were justified in saying that 147 joules of energy were stored 
in the block as the result ot the 14? joules of work done in 
raising it. 

B We were net justified m saying that the work done in raising the 
block to the shelf was stored as potential energy in the block, 

C The answer obtained toz the K.E. of the block does not justify 
any conclusion at ail. 
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YOUR ANSWER C 



You're right. 



From the definition of power we have: 




Since work is to be determined we must solve the equation for W: 

W ^ Pt 

The power consumed is 500 watts and the time under consideration is 
1 minute* Now, a watt is a joule per second (or a j/sec) and i minute is 
60 seconds, so 

W - 500 j/sec X 60 sec 
W = 30,000 

Very o'ten, especially in flash photography, you will run across 
a unit called thi watt-second > (w-sec) • Look at the solution above care^ 
fully while you try to choose the only true statement from the group below 

What is tlie watt-second? 

(37) 

A A unit of force and is the same as a newton, 
B A unit of energy and is the same as a joule, 
C A unit of power and is the same as a joule. 



D A unit of work and is the same as a newton= 



You have now ccmplecea zhe seedy portion ct Lessen 12 and your Study 
Guide Computer Card c.nd A V Compute:: Card should be properly punched m 
accordance with your pertcrmance in this Lessen < 

You should now proceed r.o complete your homework leading and problem 
assignment. The problem soiucions : be clearly written out on 8^" x ii" 
ruled, white paper, and then subir-i with you^:: name, date, and laentitica- 
tion numbere Your instructor wil^ ^ de your p^:cblem work in terms of an 
objective preselected scale cn a Picolem Evaluation Computer Card and add 
this /result to your computet profile- 

You are eligible for the Post Test for this Lesson only after your 
homework problem solutions have been submitredc You may then request the 
Post Test which is to be answered cn a Pest Test Computer Card. 

Upon completion oi the Post Test, you may prepare tot the next Lesson 
by requesting the appropriate 

1 r Study guide 

2. prcgxam cont^or matiix 

set or computer caias for rhe lessen 
4c audio tape 

If films or other visual aids are needed for this lesson, you will 
be so informed when ycu reach the point where they are required. Requisition 
these aids as you reach them., 



Good Luck! 
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YOUR ANSWER D 



You are correct. In climbing the ladder, the boy uses muscular force 
to press downward on each rung, and the rungs push upward on him with the 
same force. So, to raise his weight of 120 lb, he must push with a force of 
120 lb, the reaction force being in the direction of the motion. 

So that you can convert these figures to metric MKS units, make this 
notebook entry: 



NOTEBOOK ENTRY 
Lesson 12 

(Itera I) 

(e) Conversion Ratios 

1 pound = 4.45 newtons 
1 joule = 0.738 ft-lb 



Apply the principles you have learned thus far to the solution of this 
problem: A 400-lb (1,800 nt) safe is moved along a level floor by an applied 
horizontal force of 450 nt. If the safe is moved 25 meters, how much work 
is done? 

(9) 

A 10,000 joules. 
B 11,000 joules. 



C 45,000 joules. 



YOUR ANSWER — B 



You aie correct- 

In the anecdcte about the hcrse-dealet and ramer, it should have 
been quite obvious that the hctse that could get the job done faster would 
be mere valuable c The laea of speed, of course, involves the time required 
to do a specified amount cf work. 

The same is true of the book-stacking exrinple: You would be a more 
desirable employee than youi little brcthex bee iuse you could stack the books 
10 times as fast as he could. Here again, the time you would need co complete 
a particular job would be considerably smalle^^c 

From a p/jsctical point or view, then, we need a physical means by 

which to grade a horse, a machine, o/: a pet son as to ability to get a job 

done quickly 0 So we proceea to inveti^c such a means by defining a new quantity 
called power c 





NOTEBOOK ENTRY 




?L.esson i2 


y<. Power 




(a) 


Power is derined as the time rate of doing work. 


(b) 


This definition in- the form of an equation is: 




W Fd 




P a cr P ™ 


(c) 


As shown, power is inversely proportional to the time iequiiied 1 


to do a specitic airtount of wcxk. That is, an animal or machine that needs ! 


more time 


to do the work has less power, comparatively , 


(d) 


In the MKS system, the unit of power is the j/sec or joule per 


second c 





A 500-nt boy can climb a 6.0-meter ladder m 15 seconds . What pow er 
does he use? 



(34) 

A 45,000 j/sec 
B 200 j/sec 

C Neither answer is corrects 
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CORRECT ANSWER: The potential energy of the ball at a height or 39*2 
meters is: P.E. = wh = 9^8 nt x 39c 2 m = Joja 1 es^^^ 



Write this figure down an d put it aside for later use ^ 

The next step is to calculate the kinetic energy of the ball after it 

has fallen for 1.00 sec. Since KeE* = %mv"^, we must compute the 

of the ball at this time. What's the missing wordi 

(25) 

A Mass. 

B Speed. 



YOUR ANSWER B 



Good worki You're absolutely corrects. A watt is a jovie pei second 
If we new replace the watt with the joule pti second, we have this: 

1 watt--seccnd = i joule/ sec x sec =• . joule 

The joule and watt-^second can be used interchangeably m any pzobiem 
In straightforward mechanics situations, the joule is usually preferred; 
but when electricity is involved, the watt-second is often employed: 

You probably know that your electric bills ate based on ".he readings 
of the power company's kilowar t-hour meter s. These may be located m your 
basement, in an apartment enclosures, or in a waterproot housing outside your 
hcuseo Make it a point to inspect one cr these meters and assuie yourseii 
that it measures kilowatt-hour Sc Ask your tciks to show you one ot their 
bills and observe that the charge is based on some tigure such as 5 cents 
per kilowatt-hour » 

Iflaat is the kilowatt-hour? 

It is a unit of 



(38) 
A Energy* 
B Power c 



C Power per unit timeo 



YOUR ANSWER B 



You are coirect. Powei is a quotient or two scaiars; hence it, too, 



Thus, work, energy, and poweir. are eili scalar quantities c When a man 
ci machine does work or expends energy, xt makes no ditterence as to the 
dlT.ec.tion of the force in W - Fd, for the wotk done is merely a number and 
a unit without directional signiiicance. it a machine pcoduces i5,000 
Joules or energy, this is the energy ot::tpcx regardless ot the direction in 
which motion may occur. 

C{&'nr>:asr this with moment'cm. Momentum is a veccor quantity and its 
diiec'cicn must always be speciiied ir we are to know how it actSc 

For example, a billiard ball rolls along a table ftom the north 
side toward the south side with a uniform velocity of iO m/seCo If the mass 
of the ball is 0.20 kg, then the momentum of the ball Is 

— » -> 

p - mv = 0.20 kg X 10 m/se: 2c 0 kg -m/ sec toward the south 

and Its kinetic enecgy is 

KeEo = = 0-20 kg X iOO m^/sec^ ^ , 

& ; ^ joules 

As you venture into, more advanced physics, the vector natuiie oi 
moiFient^j^m and the scalar nature of energy will assume increasing impottan.e 
:n youx thinking r. 



Please turn to page 83 to continue. 
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YOUR ANSWER A 

You forgot something J 

2 

The equation for kinetic energy is KoEo =» ifmv not 

Does this give you the clue to your mistake? We hope soo 



Please return to page 123 Choose the right answer this timeo 
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YOUR ANSWER C 



You are right. The equation we want is: KoE= = ifmv . 

We know the mass of the bomb is 1,020 kgo We are also told that the 
bomb falls 2/3 of the way down from its 6rlglnai height, a distance ot 6.00 
X 10"^ m. The velocity at this height could then be found from: 

* 2ad = 2gh 

So, the kinetic energy is: 

^ p 1.02 X iO^ kg X il X 9 .8 0 m/s ec^ x 6 ^00 x lO^ m) 

K.E. = 1.02 X 9.80 X 6,00 x 10^ = 6 , 00 x 10^ joules 

^ After the bomb has fallen 2/3 of the way, its kinetic energy is 6*00 
x 10 joules* 

Now, how about the simple way to do the same problem? 



Please turn to page 149 « 
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Suppose we ca^ci^ate the PoEo of the bomb at the altitude cr the plane: 

PcEo mgh == 1.02 X 10^ kg x 9.80 m/sec^ x 9cOO x 10^ m 

= 9.00 X 10^ joules. 

After the bomb has fallen 2/3 of the way down, its height has decreased 
by 2/3. Hence its PoE., has decreased by 2/3 of its former value, and thus 2/3 
of the total has been converted to kinetic energy o Thus, 

KpEo = 2/3 X 9.00 X 10^ joules = 6.00 x 10^ joules 

2 

You see, we get the same answer without becoming involved with v 2gh 

What is the kinetic energy of an 8c0-nt ball that has fallen hair-way 
down from a height of 12 meters? Write your solution; then turn to page 135c 
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YOUR ANSWER C 



You are correct c 



Since work is calculated using W » Fd, then the weight ot the biocK 
must be deterained from its mass. Newton^s Second Law states that: 

w « mg 2 
so that: ' w ^ 5.00 kg x 9-8 m/sec 
w - a9 nt 

Then: W « nt x 3o00 m 

^ JJ^l joules 

So iai y so good. Now, In moving the block ovei path BC in figure ? 
on page 170 which is horizontal, theie are no retarding roices acting on it 
at all; gravity has no hori^ontal component and we assume friction is zezcc 
If there are no retarding forces, then no rorce is required to keep the block 
moving horizontally toward the righto It is first accelerated and then 
decelerated to its final position, where it is at rest. The iet o^ie , r^a work 
is don e in movin g the blo ck a lon g path BC . 

The total aitiOunt ot wo'itk dene, thenj in placing the block cn the shell 
is )a7 joules. Let*s bear this in mind. Now the block rests motionless cn 
the shelf o How much kineti c energy dcfes it have ? 

(17) 

A It has no kinetic energy. 

B It has 147 joules oi kinetic energy/ 



C The data given is not sufficient to calculate the kinetic energy 



YOUR ANSWER C 



The vector nature ot momentuTn compels us to conclude that when two 
balls of equal mass and speed, each moving in opposite directions, are 
considered as a system, then the total momentum of this system is zero* 
This is quite reasonable « Suppose the balls were made of putty; suppose 
further that if they were allowed to /collide head-on, they would stick 
together in an inelastic collision. Then you could predict, almost intui- 
tively, that they would come to a dead stop after impact, the final speed 
being zero* In that case the total momentum would also be zeroo Note 
that this result can be obtained only if the masses are equal and the speeds 
have the same magnitudes in opposite directions = 

But what of the balls' energies in the same collision situation? 
Here again, since the balls come to rest, final speed is zezoo Then th e 
kinetic energy , too , must be zero . This creates an apparent inconsistency: 
If the net K.Eo of the system^is the sum of the individual K.E^'s before 
collision and it is zero after collision, what happened to the Principle of 
Conservation of Energy ? No such inconsistency is associated with the 
interchange of momenta, because the vector nature of momentum tells us that 
the total momentum is zero before and after the collision. But this does 
apply to kinetic energy* 

We leave you with this dilemma in closing this lesson. Think about 
ito The problem will be resolved in the next lessen- 



Please go on to page 152. 



In summary, work is defined as the product of the component or a tozce 
along the direction of motion and the distance moved as a result of the action 
of this componento In other words, work is directly proportional to the 
component of force causing motion and to the magnitude of motion thus produced. 
In mathematical shorthand this reads: 

W Fd 

Remember that F is the component in the direction of motion and 
chat d is the displacement caused by the components 

In the MKS system, work is measured in newton-meter s , since F is 
stated in newtons and d is stated in metersc For brevity and convenience, 
a newton meter is called a joule , abbreviated 1 . 



Please turn to page i^ic 



YOUR ANSWER A 



You are coicrect Since the definition of kinetic eneicgy was obtained 
directl y from the detinttion of work, then energy and work units must be 
identicalo In addition, if you substitute units in the KoE. equation, the 
result is joules o That is: 

2 

0 m 

KE ^ ^mv » kg X 7772 breaking this x^p in:o two parts, 

SCc ^ 

\ 

K.Ec = X m » newton-mevers »■ joules., 

se<: ^ 

nt 



NOTE BOOK ENTRY 
Lessen 12 

2o Kinetic Energy 

(a) Kine^-ic energy is energy transferred to a mass in the form of 
an increase of velocity o 

(b!' The kinetic energy oi a body starting from rest is equal to the 
work done m causing the body to a^ttain its state of motion. 

(c? K.Er « ^smv^. Regardless o£ the method used to cause mass m to 
take on a given velocity v, its kinetic energy is always measurable as one- 
half the produce of its mass and the square oi its velocityo 

(d) Kinetic energy is measured by the work done to cause a mass 
to achieve a given velocity starting from rest; hence the energy unit is the 
same as the woik unit^ namely the joule : 



Imagine yourself ±n a space ship looking out through the observation 
potto Suddenly, in the distance, a itetecr appears; you grab your super- 
instruments and measure its mass and speed as it goes byo Its mass is 
4o4 X 10^ kg; its speed is 3^0 x 10- m/seco A quick calculation shows its 

kinetic energy to be joules.. What answer do you get? Write it; 

then please turn to page i3?c 



154 



This page has been inserted to maintain continuity or cext« It is 
net intended to convey lesson information^ 



ERIC 



This page has been inserted r.o maintain continuity of text □ It is 
not intended to con-yey lessen information^ 



ERIC 
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YOUR ANSWER A 



Quite right* If the block is at rest, then v =^ 0 and KoEo « i$mv ~ Oc 



But think a momenta It required 147 joules of work to get the block to 
the shelf c And we know that work is a measure of energy. So, if i47 jcules 
of work were done on the block, it has to have 147 joules of energy, 
somehoWo Otherwise much of the reasoning that led us to this point in out 
study has been meaningless « 

The answer, surprisingly, is quite simple c The block does ha^e 14 / 
joules of energy, but it is not kinetic energy o This type of energy is ceiled 
potentia l energy , abbreviated PoEc 

Here's how we arrive at this conclusion. We have done 147 joules 
of work to raise the block to the shelf « If the shelf were now removed, the 
block would return to the ground as a freely falling body gathering kinetic 
energy as it accelerated. Thus, in its raised position on the shelf, we 
have apparently stored in the block a capability to produce kinetic energy 
if the block is allowed to return to the position where work began c This 
stored capability is called potential energy (P.E») because it can turn into 
kinetic energy. 



Please go on to page 157. 



The argument is convincing, but need,s just a bit of quantitative 
bolstering to really tie up the loose ends. 

We propose to show now that there are 147 joules actually stored in 
the gravitational field between the block on the shelf in Figure 7 on page 
170 and the earth c The method is mathematical, but quiw*> easy to folloWc 
We'll calculate the KoEo that the block will develop as a freely falling body 
when allowed to drop to the ground from the height at which it now rests, 
3.00 meters • 

The mass of the block is 5.00 kg^ What quantity should we determine 
now in order to calculate the kinetic energy acquired by the block at the 
instant it reaches the ground? 

(18) 

A Its velocity when it reaches the grounds 
B Its initial velocicyc 



C Its acceleration as a freely falling bodyo 
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YOUR ANSWER B 



Your choice indicates that you didn^t watch closely enough; the 
in the given equation was not squared^ Perhaps you just don^t remember 
the equation; in that case, you had better use your notes to refresh yo 
memory. 



Please return to page 32. You should be able x.o pick the ilght 

answer . 
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YOUR ANSWER A 



This is not correct. 



Woik l_s done on the block, because a force must be exerted upward 
on it to raise it from the ground o If the force is a constant one, then it 
must continue to act over the entire distance of 3oOO meters. So, we have 
a force in the direction of motion and a distance moved; this automatically 
means chat work has been done on the block. 



Please return to page 170 and try again^ 
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YOUR ANSWER D 



This is not true. 



One of the answers does contain just such a quantity, Vertlcai 
distance is height, and a ladder is a means- of attaining height r What new 
concept or idea has been introduced? 



Please return to page 24^ You can find the right answei 
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YOUR ANSWER A 



You misinterpreted the definition of power* 



Power is the time rate of doing work and is calculated from: 




Note that the t is in the denominator c Apparently you thought it was 
in the numerator, and multiplied the work by the time. This is, of course, 
incorrect. 



Please return to page 143 and select another a.nswero 
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YOUR ANSWER A 



This is incorrect. 



The way to determine the meaning of a derived unit like the watt- 
second is to replace the watt with its synonymous unit, the joule per second, 
and then simplify the combination, if possible. 



Try it. Then please return to page 1^0 and choose the tight answer r 
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YOUR ANSWER A 



This is not correct. 

The substitution brings about this first result: 

v2 

W » m X — X d 

I 

a 

But when this is simplified, you don't get the answer you selected, 
Please return to page 82 and choose a better answer. 



ERIC 
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YOUR ANSWER C 



You are correct. Speed Is defined 4d//it, or change of displaceTnenr 
with respect to time. (Note.- Ad/At is a definition of veloci ty, if the 
situation calls for vectors rather than scalar s. Since we have net yet 
discussed the nature of work, energy and power in this respect, we shall 
continue to use scalar quantities like speed ») 

Thus, if dd/At means speed, then the power equation can vety well 
be written: 

P « Fv 

in which v speed and replaces Ad/At o 

Let^s return to the problem: The motor is rated a;. ^0 0 kw and is 
to raise a load of 2.75 x 10^ kgo How fast will the load go up? (The speed 
is to be given 'in meters per minute/) 

Can you work this without further help? Try ita Take your time 
and be careful with units, ^'rite out your whole solution; then follow our 
solution as presented when you turn to page 89. 
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YOUR ANSWER A 



No, it is noto 



Work is a scalar quantity; time is a scalar quantity o Power « 
work/ time or scalar/scalar o Although we have never explicitly said so, it 
should be obvious that one cannot hope for a vector quantity to emerge from 
a division of one scalar by another o Where would the direction-factor have 
its source? 

We know this: A vector multiplied or divided by a scalar fields a 
vector quantity* For example: v = ^dMt; also F = mao To this we can add 
A scalar multiplied or divided by another scalar yields a scalar quantity = 



Please return to page 125 and choose the alternative answer. 
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YOUR ANSWER B 



We consider this answer a mechanical blunder ^ We are certain you 
know that the foot-pound would never be a unit for any physical quantity in 
the MKS systenic 



So, return to page 132, please, and choose the right answer c 



YOUR ANSWER B 



Good The kirietic energy is obtained trom: 
^ mv^ ^ loQQ kg x (9 08 m/sec)^ _ 



2 ' 2 



48^0 joules = 



Now let/s see where we stand. We found that after' ioOO sec of free 
fall, the potential energy of the bail had decreased from its initial value or 
432 joul<$s to a new value of 384, joule s o (Remember? You wrote the new 
value to'c late:: useo> 

Next, we calculated the kinetic energy of the ball after ioOO sec of 
free tall, 48.0 joujLes 

So rhe ball has at this time 



The total energy of the -ball is thus distributed between its potential 
and kinetic energies. But , whar is most important , it s cotal energy is still 
432 joules because 384 -f 48oQ ^ 432 o Whenever this experiment is perfoimed 
under nearly ideal conditions 5 the same important fact results o 

During a conversion from P.E* to K.Ec , or vice versa, how is the 
energy always distributed? 



A The PoE. is normally greater than the KoEo 

B The total energy is the sum of the instantaneous values of the P.Eo 



384 joules of P.Eo and 
48.0 joules of K^E. 



(27) 



and 



C 



The 
the 



residual PoE. after time t is the sum of the total energy and 
KoEo at that instant o 
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YOUR ANSWER C 



Vertical distance has played an important role throughout oui develop- 
ment of the concepts of work and energy^ The very definition of potential 
energy involves a "height" factor* So "height" or vertical distance is not 
new to us in the concepts of work and energy. 



Please return to page 24 and pick a better answer. 
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YOUR ANSWER B 



Very good I To solve this, you mus t lemember that the conditions 
ideal, and that all of the work done by the boy goes into developing the 
kinetic energy of the cart. So, the work done is: 

(W ' Fd) W » 6^ nt X d meters 

The energy the cart has when che force stops acting is 

(KoE. - ^v^) KcEc - 72 kg X (4.0 m/sec)^ 

2 

Since all of the work turns into kinetic energy, then W and K.E-, may 
be equated and we have: 

64 nt X d meters - 72 kg x (4.0 m/sec)^ 

2 

J a 72 kg X 16 m^/sec^ 
2 X 64 nt 

d « 9oO mo 



Please turn lo page 183 in the blue appendix. 



Now let's consider another facet of the eneigy concept, 

I.OO m 

t\ ^ 

5.00 kg 




Figure 7 - v ^ . 

As shown in Figure 7, a 5oOO-kg block is raised rxotrt che flooi to a 
shelf 3oOO m high by moving it vertically a distance ct 3.00 m and then 
horizontally a distance of IcOO m to the shelf o Row much work is done on 
the block over path AB, from the floor vertically upward to shelf level 

(16) 

A No woik is dcneo 

B 15 cO joules 5 

C 14? joules c 



D None of the above answers xs corrects 
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YOUR ANSWER C - 

• You are correct. The kinetic energy is: 

mv^ ^ 4.0 X IQ-^ kg x (7oO x 10^ m/sec)^ 

I _ 4.0 X 10-^^ kg X 49 X 10^ m^/sec^ 

2 

= 980 joul es 

Here's another problem you can solve. (COPY IT.) 

A 20-kg scone is dropped from a certain height and strikes the ground 
with a speed of 12 m/seCo From what height was it dropped?" 

Think about this problem for a f:"w minutes « You are told the mass 
of the stone and its velocity when it r -aches ground level. Which of the 
following is mos t conveniently determined from this data? 

(22) 

A The work done in raising the stone to the height from which it 
finally falls « 

B The kinetic energy of the stone when it reaches ground level* 
C The potential energy of the stone. 



YOUR ANSWER C 



Think what this would imply it It were true I 



It means chat the residual PoE. would be greater than the total eneigy 
ot the system by an amount equal to the K.E at the rime. This is impossible^ 
of course. It's like saying that a wedge cut out of a perfectly uniform 
apple pie is heavier than the whole pie I Or that a dime weighs moi^ e than 
a pocketful of dimes! 



There is a better answer availablec Please letum to page 3 5/ and 
select ito 



YOUR ANSWER C 



Let's straighten this outo 



Work is the product of a force and the distance chat this force causes 
something to move. That is, W = Fde The phrase '*the distance that this 
force causes something to move" should give you the clue necessary to answer 
the question^. We agree that F does work because it causes the block to move 
horizontally over Oo70 meters, resulting in a work of 2o5 nto 

Does F-p cause anything to move? This force is a reaction force 
springing from the weight of the blocks It holds the block in vertical 
equilibrium* In that case, how much work does F^^ do? 



Please return to page 99 and seleuC one of the other answers* 
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YOUR ANSWER A 



Not this one! The equation for work is in item l(b)o 



Are you letting your notebock become sloppy? If you're going tc make 
progress, you have to keep your notes neat and in order o 



Please return to page 138 and choose anothex answer. 
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YOUR ANSWER B 



Of course, Aii tieely falling bodies have the same acceleration 
namely, 9.8 m/sec'= in the MKS system. 

So, certaitiiy, this need not be determined. 



Go back to the original question by turning to page 157 now, and 
think it over once again. 
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mm ANSWER — c 



A llctie mote thought on your part would demonsLi ate forcibly the 
error in this answer o 

If you say that the magniiude or mgh' is grcatet than that ci mgh, 
yotA are saying that at the rnmpletion oi the lix st swing oi the peao... ./tij , 
theze is mox e total energ y in the syste m v nan there was ax trie stac t 
other words, you are saying that the pendulum is somehow eat mg ene:gy Co C 
ot n othing . If this actually could haijpen, what a ditferent wc.:ld this wOvj.id 
be We could set up pendulums wherever ::equired as scutces ci energy; n: 
longer would we need petroleum, cciax,, cz atomic energy.- Ou:s Wvu la bt a, 
ml racuious , pendiilum-operated : iv i ii2atlcn ■ 

The Principle of Enefgy Conser yacion is oiten statea m :iieae ie^vus: 
Energy ::,an neittier be created nc^ destroyed; it can onry be ^..hcvriged iii 
xcxmo Although this statement leaves much to be desired, it is essential iy 
true. 

So, at the end of the first swing — or any swing — the energy content 
of the bob of the pendulum can be no greater than it was at the beginning 
of the swing. 



Please return to page 81 ana select a more suiiabxe response. 



YOUR ANSWER B 



AlmcsL, but not quite= Perhaps you noted that the units given were 
pounds and feet, but thought chat work must always be expressed in joules. 
The principle of work as the product of force times distance in the direction 
of the force is unchanged. However , there is no single word m the English 
system for "joule" in the MKS system^ You should be able to select the 
right answer now. 



Please return to page 87 and choose again c 
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YOUR ANSWER n 



Well , let *s see. 



From the definition of power we have: 

P = W/t 

We want to determine work, 5o we'll so /e this tor W: 

W ^ Pt 

The power is 500 watts and the time is 1 minute. Since a wact is 
a joul e/secon'i ^ we can substitute j/sec" tor watts 50 that: 

W = 500 j/sec X 1 minute^ 

Note that the time units are different so that you cannot cancel them 
and come out with joules as the unit of your answer. 



Please return to. page 121 « T^-lnk this out; then make ancthei selection. 
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YOUR ANSWER D 



One of the answers is correct c 



You may have made a mistake in arithmetic. Repeat the sclutlcn; you 
can determine the right answer « Remember that weight is a force, not a 
mass. 



Please return to page 170 and try again. 
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This page has been inserted to maintain continuity or text. It is 
not intended to convey lesson information. 
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amp" lesson 12 W^R^KSHEET " Tape Segment, x . 

Please listen xo Tape Segiaent . for Lesson 12 before start- 
ing to ansvrer the questions below ^ 

■Q-^ £.§L. JJl^%. A ^ Newton^ s Second Lawo F kma., k = 1 and is 

dimensi onlessc ' ' ^ ^ 

m.., nip 

In the Law of Gravi ration^ F = G — ^ c- is 

Dhe proportionall ty constanto r 

Here^o k is not equal to Ip nor is it dimen- 

less© 

,^IJESTI0NS 

lo Which one of the. following is the correct unit for 
work in the MKS system? 

A the kilogram-meter 

B the meter-newLon squared > 

C the newton 

D .the new-ton'-me t e r 

E newton per meter 



2e Which one of the follox^ring is the defining equatj 
for the physical quantity we call work? 



A 


W == 


kFd 


B 


W ~ 


kmg 


C . 


w - 


kP/d 


D 


w 


kma 


E 


w = 


kFd/m 



3o In the defining equation for work^ the proportionality 
constant k may be set equal to unity (l) because 

A work turns ouc to be a scalar quantity o 
B work tuiTxS out to be a vector quantityo 
C we have not yet defined a unit of work so 
that we may now define it in terms of ixnit 
force and unit distanceo 
D the constant of ' proportionality in a linear 
equation like the one which defines work 
is always unity© 
E the defining equation for work does no^ con- 
tain a fractional term^ hence k must equal 
equal unit to keep the units correct o 

Please return to . page 119 of the STUDY GUIDE. 
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WORKSHEET 



Please llsteri' to Tape Segment 2 for Lesson x2 before sz^vt- 
ing to answer the questions belowo 




A.n^- 1 1 c ns are gl van :1 n Da^ ca^^I t ejB_^ 

A l6o8 joules 

B 63 joules 

C 7oO joules 

D 50 joules 

E 5o6 joules 



QUESTIONS 

Assume ■'. na r b In :-he 
diagram is 3 ■ degree 
ana (. na t F " > r; i « 
cne o^o-:."^?: Is oa -sed 
to m-. \-''e' 3oO ^ '-'"^ -^i'S 
d 1 1* e 1 J. c a c d 9 h c v< 
much ^^'.rk ..s acn~*^ 
(The approxLrnaie vai 
u e s of so me r 'on e 
ccrnmon t r lg\:nomL x 1 ^ 



3.. If the work in a nori^zontal direct::! oh resu'^Ls in con- 
sta.nt- velocity of tne block-, then axl of 'j'ne work is 

A being done against gravityo 
B being done against the '/■er'ti.->a.x .-ompuaeri'^ 
gravi ty c- 

C being done agains uhe hcri^onca:. ..jmpon- 

ent of gx^avityo 
D being done against tne force of frictiono 
E going into increasing the kinetic energy' 

of the block o 

6. The magnitude of the vertical component of F nt) i 



A 


2.,1 


nt 


■ B 0.6 


nt 


C 1 .X 


Data Iteni 




D 


l4-8 nt- 


E 


13 nc 














sin 0^50 


O06O 




0o7x 


O08C 


0 0 8 '7 


cos 0e87 


0 ,80 




Oo7i , 


Oc60 


C o 50 


taXi 0 8 58 


0o75 




ivOO 


lo33 


'^o?3 



Please return to page 87 of the STUrY GUIDE 



Ple^i^Tr ^uSteri Venire it-^rner:, oe::v^- rr.ar:*rx>? : • j ^^nswer 
the que:^:::on5; t;e-.... /. o 

-> .-f ■ 

?• A w-.oden b^c--;K . nr.'-.. ^ri>> ^ : . rm a f r i : cnies.c; . 

hor;. 2orita^ tab^ee Tr^e o,...a .r in^.' a^-^ east.r In craer 

to bring •:=? r^-^i^o j- c:-.-* w.. ..u \ :■ f-k^.n 

A a ae: r., :e : . , -.rie eac^t s^::' tnat t 

C <ir.^ : -r .r.e wes: 'nat, w^.^'i^-.. d ;. ^'us^ 

E n:. lorce at a.. ::i:..e Lhe o.. .'^.x wi uit-* 
.mateiy -^c-rae : . .^eo to 

8o When the mov.ng b: :,:K .r. v;^^^.o. ■ :., " ■ s orcuRn:: to restn it 

A m\..:; : a. c^.-m-r -a -v. _ i .^r nancL^ 

C d . 5 r*o : a . w . : n :vu r* naad • 

D ■ does; work v. n narid cn-i.y i: Dx'ou^i.nt 

* o res : . M a . a , *"e^y fih :■ flmeo 

E mu 5 r a 1 s J v - . . ■ o . , 5 a : re . ■: ; on i !' 1 1 



90 Assuming tnat che . .x a.'rf^ a. .r* ^^u.- nand d'^rinR tne 
stopping prccesi^o M^if-n y^. i^aud 

A mus a - Aw eq ^a ^ am^ un i w:.Tk on Lhe 

b^Cv.k . ri 'oiie 1 . .'c ... i . ^r* of ^ t."? mo^lcne 
B mus L ds.- an eq^^rt^ aiL , -^x-^ii c:' wjrk on the 

C m;^s : a.- m. . n o^vck tnan 1. r, 

docs .n yo^r f.arAie 

D mui= ■- . ftss > _ : A -r* Ine o_ .ck inan 1 1 

dcei? -vii Jf*ar*ae 
E nu*i' dc- e,:nt;:' rn. :r -.eas work on tne 

't>^o M aeper*a .ri .ne v .iLe -ne f c rce 

. 3 app* ledo 



PLEASE RETURN NOW TO PAGE . 
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AMP LESSON - 



WORKS;HEET 




10# Suppose the DLock ..s .-ni Ma. res^ln.tf; on the frlc^-ion- 
less norizontaL lab:Le A» Tne work then required tro 
move the block Tr:m A B Is 



A more man t^jo . B ..ess tnan c-C ^ but 

TR-.yre tnan m--;:* 

C ^e£?:^ tnan • D ^eP5^ :.nan ^ j du:. 

but mv v^ tnan m^-re tnan 0 . o 

E : Jo 



Wha.cn one cf the fo^_.ow.:i^ ^. a -.emends cr.^y :'e..e- 

v'arit to this example bu^ :s a.Svi- ^ra.^^^.q'^ 

A The wo rK aorAC 1 r: ^ 1 1 : ng an^ we x ^r'i v c t.ne 

top of this p.ane w^u^d be 4s .So 
B The wori. done in Girting a 13 nt ^elsirr i.j 

the top of an^ }t^-5 P*ane Is ^^^j jLu^es© 
C Tne pcttnt.a. cner^2;y a:.qulrea oy a g.ven 

mass raised tc a g.ven height ^s tne same 

regard.. ess cf the path taken tc. trAs helgnt. 
D The K«E« acquired oy tne b^wck s.^:.dlr.g up 

the plane was equax the K^E© acquired 

while going str.^l'gh: up* 
E If the ang.x.e of tne p^ane were ^n^. reased bj» 

shortening AC ar.d AB« mere work wou^d be 
^ required to siide the bj.ock up to C© 

ERIc please return now ro page 53 of the study guide^ 
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.Li;. ^ -j' : -.rr:; -As K . .■ ■ ' 

I.::' ..r KS ^ ; 

.1 

A 

KE ■■ 

Da ta I te rn Bt The cia;:a lakea during '-ne i m ;'ecj:aed. sep- 
arately for eacn ind^^iauc^: oe^^rutrit ;■. r me tnree segments In 
xhe f in. 

*rie sani-i c s di ^ c — ^r^c a . . a ., :a .ii-^^ a. . j ^r*^'-5o 

T? me f r tr.^: i : ..a .. - o o a . ^ . ^ : ... n:> - o . 

T»me for Kn^ i^e.: ..-id * f> - a'. ^' ; s . . r:.^; - (. ^^"^5 se^. 

Gc;-:ng rr-.:m rr'.a. . . ^ ir.r: d'^ne .r. '.'fie 

gi""ider was d^ ub.edp nf^'•.> ■: vr.-r KE t ' .^-^ ;z;..cie.. s:t»u^a 
have doubled en^.r^'j 'A:^.^ o'- . r.;^ rv-edo ■ T- :^.;d 

cut if th : s happeriedn we ni^s>.. c\^^a:'^ : ri-i :.mfts ana set 
ihem up in ^ averse ra ; .0 



Th.ls te:*^s U3 Mia:, the ia ~ j .. r KE*\s-» wn.s.n ttriJo.^.d te 
'is2 or x.'2 or Co^iO i^s^ e k^j*^ : m-rirv.a,^^. ae vci^rm i^^^^ 

Remember.! ri."^ mat percen lag^ r. r ^ r . 5 t uuna d.v SuOtra*. cln^ 
the experimental vaiue l i'-^OA .r^e . .mputed va*.ue . - r vlce- 
versa** to cbta.n a pos^t. ".'-? resu.i^ ana al'.:.a"^rig '/nls 
li ff erenc-e me •►cicpu:.ca '.a^^er y^u ^.an ^-.^w ansswer 
quesr ". :n "n :ne riex .. Fa^:c#» 
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f: riex ' pageo p. eas 



AMP LESS DK .8.:'^' Tape Se^^ne:. 

-. fit. ^r;LAea 



.-c'» The pe:v en tap.e .:-r t r Par*. 1^ 

A .esc-; :.riari . B .es.: '.nan 2"^- d.^ . m. 

C - 6 s 3 r ■ n % D J ^ 



al potential energy d':ub:.sd since tne wel>3:nt t.h~ 

as ^v-f-aTo Tri meiir:.. ^.^a: -^ne KE .f >^..a6;* . i.e 

se^cr.d ^-a£5e sri'.i>c.d a.^.^o.^r. ir;d aga:.:\ :.ne .t K5 KE". 

Wn^r PE = 2o 'ime I? Co3-' seco 

Now calculate tne meas^ur;ed ratio KE. /KE^o Don't r'or^^e!:. 
: ^ square th e 1 me s o 

i 3 Q TV^ ^. pe r . e ' a ^ e tr r r r ! r' Pa t ' T o s - 'j..^ .^5. i'J5.«X.^ji?.c ^ 

A /e: .-> B " lAreeri ze:'^ arid -.^c 

C between ^% and * 

D be'weer. ; o 3^ ar.a 2^*? 

IlTc By dcub. ;ng -he . riip rc.r r. . . ri r.re c^pi'.ng., tne elastic 
pc t eri t i a 1 ene vfiy f ^ n e sp . nfi . s ^''■iag^^';'-i£::^ed c 

T\mes re:-oraed on r./ip^:: p.:- sraa.. .er cc^mpress ; --n^ ©bi. seco 

F.-. i- larger lompressi , Cc3^ seoo 

.i^o Tne percentage e/r*r rcr Par'j II F., i.^ ' .?.t6.^ ^ 

A zero© B be .ween ^el\. ana 2^«> 

C between 2% ana D between }% and 

E more tnan 

PLEASE RETURN NOW TO PAGE .3^ OF THE STUDY OUIDEo 
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lo A ^r^ar, appl.-.s a. -^ca:"- rj^ni- for.^e 32 nt to a cart,. This 
causes zi\e :^r^.v" :nc^;'^ a d: (^':ar.':-^ of 1^0 m In 8 sec^ 
'a' new muc'-: a:-.cl. ^^ne 'i-::- en r.he cart:'^ id) Wnat 

■ . : " :;}e rna.:'' .. : r.-^ in th : ^; ac ^ . ^* 

,r 

2o TweLu v'*e .^OC-tvaic j..amps ojrz; steadily f our a c -P-ul 

■'^at'iii^g^ A^s^ATrLinp: uha" a A^enera cor operaC.np: at 100^ ef- 
1"-, erioy ivi.r^p'.. .i.ed i.ne re(;u:reri e.^ec n r ; ci "^y . novv macn work 

3o A niil .iises ..\0 m for every IGO m of its slope.-,. A cai' 
weip;hins; 40C0 rit moves u.p the hill at 55 ^-/seco What: 
.? appare^i: pcwe-r tr e engine during -Ln;;; per:..od? 

4^ • A :.c^r..^tant for-e is app^.ieci a mass causing i*: to 

a:. _ ei e ra/'-e i'::;^TTi rest T j a vel^^ci ty of S m/'sec over a dis-- 
tai-::cir of \iC nu Cai .::u.;.a T;he mt-gnifude of the c.onsiant 
fc-rj-e invo.;\red in tnvs a.ct.'-.nc 'Use energ:y considera'Ci ons 
n G'l.. VI ng tr: i p r.j b:. 6:Tir. j 

5o A 2-kg b.iock cf ocp'oer slides along a floor as a res-ult 
of an iinpuii-^e pTevi.cus'Ly applied to ito After a timec. 
its initial speed of 4 m/sec nas decreased to 1 m/*seco 
(a) how muon worK dia tne ir.'.ction foi'ce exerted by 
:.?-.e iloc'i' -Ml i::ne bj^ook (lo? Ibf if tne reduction of vel- 
oolty dea. Odd abovo occ;ur:r'ed over a distance of 10 m.s 
^/ha c; ^A^as vn^:: magn. tu.ie :i \.r:e friotional fo:r'ce? 

6o Ai aax.omobile of masw J.OCC kg rc^iis down a hill tnat is 
/O m hign and chen inoDeaia :ely up an adjacent nlll that 
is only 30 m nigno What is \-ne kineLlo energy of the 
oar jaso as lo aiTivos a:; me top of the second hill? 
^Ignore fi'l^-tiona^ affec-i^Sc) 

?o At:. electron nas a mass cV )C .^Q""-^" kgo If an elec- 

ti^on is aooe..eratea m a bei^atron so tnat It is moving 

with .L^'iO the speed of j.ignt,, wnat is its kinetic energy? 

(The :;fpeed cf ii.ght is 3GO0OOO km/sec) o 

80 /i stone of iTiass Cc2 kg falls freely from the top of a 
cliff ^0 m aoove tne groundc At the instant that it 
is '-^C m from tne grounds wnat is tne magnitude of its 
kine to c energy ? 

9o An ai'ohero applying an average force of 8c0 nt to a bow- 
stringy pulls tne center of the string back a distance of 
20 cm© Tne arrow fitted to tne string at tnis point has 
a mass, of Co2 kg^ Wnat veloci ty will it have just as it 
iea,ves the bow ai tei* it has been released by 'the archer? 

10« The bob of a pendui'um rises Ocl m from its lowest point 
at; the top cf its swmgo 11 its mass is l--oO kg^ how 
fast Is it moving at the lowest poinr of i ts swing? 



